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This application is a con t a t ion ~ in~pa r i or 
Onitad States application S«r ♦ ho, llS3dg , iiiad 
October 28, 1^87, th«- di.sck^surt of vhldi is incorporated 
ho re in fey rafaraooo, 

mis invention relatea fenorally to aoyl 
derivatives of oytidine and uridine and to the uae of thoae 
dart vara vaa to deliver eaogeooaa ribonucleotides to animal 
tiaaoo. Mora specifically f this: invent. ion relates to too 
aoyl aorivativ^^ of oytidio^ and uridine * tM mii of 

rhoao novel derivatives to doiivea tfe^sa ribooociaooidaa to 
animal tiaaoo Ml thereby to aopport eellolar sartabolic 
fooctiooa. loan aore opaolf ioally ^ this invention relatea 
in the oaa of too novel aoyl derivatives to treat or pravaat 
a variety of physiological and pathological conditions 
including treatment of ilooa dlooaso or 4ao&ga,< 
c a r eha o v a a on 1 ar d i a o r der a f r a aeir a to ry d i a to a « a y adr ooea ; 
a a a d I ao damag a ? a ad or h a a o 1 i n.i c a I co n d i t i o no * 

feaae ara many physiological and pathological 
conditions of animal tiafoa %\her& the aupply of exogenous 
aibonaoiao^idag may have useful tnetapeaaiu applications.. 
In a number of phyaiological and patdologioai ooaditiooa, 
tha admaoiattatioo to an animal of aoo loot idee, or 

individual or aoaturea of nuc loot Ida e , haa boon ahown to 
improve too natural repair preeea&ea of the effected eel la. 

There art many important metabolic reactions that 
are oaually functionally aubsacuratad and limited by 
availability of ait dor at#^oaateo or co factors. Booh 
race- floating compounds may he either no trit tonally 
agonal al or ayathaaiaad. do novo in the body* Under 
ooadl tiona of ci«oe txaoaa, in i action or adaptation to 
physio loo teal demand, particularly ^aen cellular repair or 
rafenaaation ptoeeaasr are act ivated * the optimum 
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promoting such repair may ha quite different fro*s tha 
requirements for normal c*Il and ti&see functions. In such 
cases, therapeutic benefit may b& derived by providing- 
appropriate conditional ly essential nutrients, such a$ 
rib<e>ecieo sides or &*t$fcoiit«« wfcixh x<&g\*i*<&<i In 

au^ titles not usually available from a normal diat> 3?h«r 
therapeutic potential for this strategy of directly 
supporting the meta.boi.ic funotiou of das^ged or diaaaeeb 
tissue a has not bees realised in coot emporery medical 
practice. 

At the cellular iavei of organisation, there era 
specific metabolic responses to trauma that are involved, la 
a variety or ttaoaea. in the processea of tissue rapai.ru 
regeneration, or adapt atioo to altered functional deavaoch 
Meet processes of tiasue damage id repair are accompanied 
by a substantial increasa in tha activity of tk hexo$# 
monophosphate pathway of glucose s^taholism. 

The hevoae monophosphate pathway is the route or 
formation for the pentose sugars ie*f * ? rrboea) which are 
necessary for nucleotide and nucleic acid syutheeis, the 
availability of c these is rate limiting tor rocleotius 
synthesis oncer moat pbyeiolof teal or pathological 
condition as Hep id production of nucleotides far the 
aynt.hes.is of nucleic acids and rnaeieotide-derived rofactore 
(such at cytidine di-pboephochcliue *CDP choline} or uridine 
di-phoephociuocae UJBPu) } is a a sent lei for the process as of 
tissue repair and. cellular proliferation. Been though 
nucleotides ere synthesized da novo free simpler nutrients, 
so that there la rot an absolute dietary requirement for 
direct nucleotide precursors, siany tissues may not hew 
optimal capacity for nucleotide synthesis particularly 
during tissue repair or cellular proliferation, 

it is no § sib is to bypass the limited capacity of 
the heroes o>onophoaphate pathway by providing preformed 
rlbonue loos id as directly to tiaeoas where they are 
incorporated in the nucleotide pools via the * salvage* 
pa three y a of nucleotide syntheaia. It is alec pose role teat 
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pyr iodine ribonucleotides a>ay exert tharapnatie iniinaneea 
through ra^chs niseis u^u elated to the support of nucleotide 
Mosynthaaia > 

The of facta of tha administration oi pytirddrne 
aueleoaidaa , aad in particular* uridine and cy tiding, an a 
variety of physiological and pathological conditions in 
experimental aeiaosla^ iaolatud tissue & A and to ao.oe oxtaot, 
in humans, hav$ boon exteoaieeiy studied. Thaeo trt 

U ) l£££t 

In isolated rat hearts eublaeted to low- flow 
i^kiii^ roper re alon with uridine induced restoration of 
aryoeardiai ATP Infill, total adenine noeleotida content, 
uridine nucleotide level a < and flyeofan content < iaohem.it 
woo reported to prodoen a br^ekdown of creatinine phoaphata , 
AT P * uridine nucleotides and glycogen. Aoaaaeat, J+ 4 

In & related stwly, perfusion of isolate rat 
hmxts v.;;,ti orioio^ resulted in e concent r a* i.0«~4«p^M* n t 
elev&txcm of myocardial uracil nucieotica costsnt, 
Follow .1 .09 law lsch#mi&, the rate of in corporation of 

orifice w&t increased tvofoicl, Aueeodet, J» t #t el*>- ftojU 
PhvefcX . S;24?~2SS HBB4I , 

->>>>>>>>*.>>>>>X>>X>>v>>v>XV-^- oooo v 

In another &tudy* raoproteranol waa administered 
to rote which depleted cardiac elycof an atorea end reduced 
myocardial oft and HDP -flu cose level a. Denpitn the 
spontaneous restoration a£ myocardial OTP leuala, 
ti DP m ^ In cone en a c out r a a i on a r esaa i nod d a or a a a a d ue 1 a a a ox id loo 
or oidoae wore administered* Pro longed intravenone in f anion 
of riboae or uridine roan 1 tod in a rear oration of myocardial 
a lycofoo< To or , there may he o oep e r toe e t e 1 1 o o of uridine 
ooo loot idea in the heart * with the pool a doing fed 
differentially ey the eateape or de neeo pathway a or 
py ramidine syothoaiOv An a soda t, J. > at a I * s I;Ei;.ei:gl:^. 
X| > 131-336 IlJglK 

foe effeete of nooieoeidet on acute left 
ventricular fai lore in isolated dog heart waa studied hy 
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ventricular failure: was induced in isolated dog hearts by 
rru^raasing aorta pressure* In this modal, guano sine., 
imagine ^ uridine and thymidine were found to be po art lee 
inotropic agents, while cycidine and adenovirus were 
n e fa t i v e X y i not roc i e * 

Sodium uridine -ac no phosphate (tWi and potassium 
o rotate Mare found to increase toe ariaarl's resistance to 
subsequent adrenaline- induced myocardial necrosis, Theea 
compounds reAucmd mortality red impcoeed myocardial function 
as assessed by led readings, bioc^eamical findings, and 
relative heart weight, Inireeenons admdnlatration of UMP 
averted a more proncuncod prophylaotie effect thro, did 
potassium orctate. Karnetaove, Liv., or a?u, 

Il^ilMai^Iil^M i - 1 ^ ^ " 1 ^ ^ US SI I* 

In a study en the effects of hypoxia in isolated 
rabbit hearts,- myocardial performance declined while glucose 
uptake with glycolysis* giycc^ecclyais and breakdown of 
adenine nucleotides were reportedly increased, 
Adt^cist cation of uridine increased myocardial performance ¥ 
grlecose uptake and glycolysis and also diminished the 
disappearance of glycogen and adenine nnoleotld.ee from 
hypoxic heart a , uridine alec increased glucose uptake, 
glycoiyais, leva in of hit and glycogen, a a well as 
myoeardrel performance in propranolol- treated hearts , 
Kypson, at ai> , y^, ffol, ^CaM, Cjrflpl., 10;§4 5~&$$ 

In a study of pyrimidine mKnleoci.de synthesis from 
eroganoos cytrcine in the isolated ret hearty myocardial, 
eytoaine nucleotide levels were significantly increased by a 
3 0 minute supply of eytidine. ^ost of the eytidire v^s 
reoouered as part of ey cosine nucleotides and uxscai 
nucleotide so vary little of the cytidlne that was taken up 
vat eenoeeted in to ur id ine nor lent ide s ., T'kess* res a Its 
eucgea t that the uptake or eytidine can play en important 
part in myocardial cytosina nucleotide metabolism. Lor tat, 
S * ., at al v , Basic :Ras , Cardiol , SI s 30.3— 3 1 u I X © § 6} * 



In ^nothsr atady, a-yo cardial fatioua was produced 
bv ript^tM, bna£ IX nations ox tea ascending ao.rt«, 
intravenous adn^i strati on of a mixture of arid ;m and 
inoai.n^ after ths fifed aach ligation te^po eerily at op pad 
ths beveioprsent of fatifoa io tbe ^yocardiuau Pre tree tr;en x c 
with an dabisclosad amount of uridine prevented the dacra^a^ 
in maarmai pressure upon aortic ligation that is ebaervab a 
h ou r a after sortie sttnoiil, Mearaon* Int Tg_, 

lJl££^^ My^snikov* JUL* tad.), ^editsina 

(publisher) * Moscow.* p, 2?^3f 11 debt i 

In aa of bar a tody, aha naa of fiacoae and uridine 
to control co^tr^ct^.bliity ^ axis a a ability disturbances in 
tha no n-i Schauta ceo eoopartaents of tbe heart ^fdar 
n^ocardi&i iaiarctioa war a studied. The dsricita io 
csHtr&efc&biXity and a^tsnaibility were report ^d to ha due to 
auataaneo sympathetic nervous activity, The a ddd it ion of 
plaeoaa or ocxdins in vitro restored ooo tract ad ilaxy add 
extensibility of th# isolated atrial tiaaue* Heeraoru Fir., 
at al< , Kardiolcgf^ 2jh§l~t3 USSSU 

Despite the abova raaulta uhloh wrt observed in 
i sola tad hearts or in jydtu or a an apa rat cans * ah^t 
adni.niatratcon o£ uridine to intact U ♦ * * * aiiua and 
free-running i aniaurls has not bt^an bsocnsvoatec to ba 
bareiaoisl. Thus ? udriie Elieaav^ V.db, et al , , Kbi^Far^ 
£h< ij&x6S*~«$8 Ufiai CCA 103s 8250310 disclose that 
uridiae~Sd -monophosphate baa a protective of fact on rata 
uiub adra^aiine-indnced myocardial dystrophy , uridine oca 
found to b& relatively ineffective, teover } lail liamr , 

dlaoioaa that with rata dave lupine hypertrophy of too heart, 
tdera was no difisrenca between rata which vera area tab with 
uridine compared with controls. Thus, except for rata which 
received continuous infusion of uridine ^uaaadat at ai , , 
aupra } , no be na racial offset on pa ah of coy related to tha 
heart baa been danam&t raced adth, uridrac administration > 
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Exposure to uridine has also bean I a and to enhance 
g laaoae uptake &nd e iyaooen ayothaais m isol&tM &ka fatal 
and oardiao aaiaole< Kypson* J , , et al * , M££|^_f^ 
2*t iSB5~15$fl U*i<Un* inoaina* vera foond to 

ftii^lit^ oiuoo^ae uptake in iaoiated rat draphraga mckv 
Hc^v^r ? only uridine iacraaaed glycogen ay no ha ri a. Both 
noalaosicea InhrMhad iipolyaia in adipo&e tiaaoa > Kyc$or> 

Mndniatration of cyo idana and uridine h« alao 
oeeo reported to be effective In enhsna\ino aha ref aoa ratio n 
of too livsr in rat.$ aorta ly poiaoaad vith carbon 

tatraehioride, iMlim, , at al^ ^*-^-JlP>; Biol , ::; .Kao <- 

its 141 0-141 3 US 10) * 

fhera have bean a number of report a relating to 
t ho t he r a pa a t ic afhs i hi a ir a t ion e f nuc 1 eo t Id a a and R&h > f he 
haoalioial offsets of or .nucleotide arc pro-fear iy da a to 
their kim broken down to individual ribon.oelaoa idea ay ; 
phoaphataaes. For ^aople, injection of oyooplua^^ic RN.« 
iron^ the rat liver into mica dor! of ahronio peiaooinc with 
CC.l^ r adored the mortality amor f the animals. Moreover, aha 
number of foci of oeeaoaie wore radooei and. th^r number of 
in tar lobular connective tieaee fibers in aha Uvea war a 
inoreaaee. Aa iooraaao in the mi hot i a activity of tha la vat 
cell a war alao ehaarved. Chernukh, A.M. , at aL ? BtlL^Ii&E^ 
S^£r^!lllr l£^n.il^:i:i!4 U9?oK 

M^ior&tt&tioo at aim, miaed nuc loot idea, or 

acne, ait her el ana or in variaaa comhinotioaa , woo 
i o o a a t e i nor a a a e t y ror 1 n a - a 1 p h a - k o t 09 1 o t or a t a actio i t y i n 
rat liver, hdminiatra tl on ol lhA or naclaotidas o lava tad 
errymatic activity hayond the lavei attained after 
hydrucortiaone adrdo-iatretaor aiona* the authors speculated 
t no t t h a K.oa o r n v o is ot r da & a>ey a c t v i a t wo aa on $ a 1 
fir a a, a aooapacii ic a tree r of fart, radiated through 
at ism* ia.t a on of adrenal a heroic relaaea, or eaaoadly, throofi 
p ov x s 1. a n o 1 1 f ^ i ^ ^ r« g sua s t r « t a a f a a Hh A ^ y at h .c s i s . 
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Dtarcrndators., T.l if st ai_ tiyec|^^ 

| J .t5.83-S8:? CI 96 2] , In a study ca hu«s&?$ patients wi ch 
hepatic cirrhosis., administration of eytidi.na and arcdtna 
inprovad i?uuUr ; sensitivity in the cirrhotic petient, out 
had no «f f«tct on insulin sensitivity in patients without 
liver disease. Ehrlidi, H, , et al M llMlSlillB Iih 46 " ss 

In a study of topuit after pechanieal iraoua in 
the liver, a rapid, sustained increase is MA content of 
cells at the horde r of irs*n tally induced treaos 

ehteceed. DMA concentrations in the traueuitrsod arse hecao 
to rise on the third day after injury and continued rc rise 
till the 10th day. the diabetic ret Xiv*y, in contrast, 
arouse poor P.NA ens of^o con tan re < Xnceeasas en tne re a sue 
eons ant of Ah .a and hPA s round ids t reruns tired site wgrs 
deleyed and strongly depressed relative to ooediahetic 
areata. The is r lure or dhA syncheais* which fires rise to 
poor wound heaiinu in the diabetic liver* was atteloetao to 
deficient activity or the Aeaose ijonophoephate pathway of 
glucose nietahoiisn as observed in diahatiot. Shalp, juv. * at 
^ ■ :: a , P.n to , Morphol , Fhverol , 2$ .s 1 13 - 2 ft C If 111 i Shah, 
KA\, at .i. f J A J&i 2 ^^ 21*132-13? nS74i. 

X& another study, tfe^ availability a I OoFS was 
found to ba r^ca-lioi tino for ha^-stuo glyco^or- sy&th&sis 
unatr some condition when oaltoxod hopatooytos var*- 
incubate with uridine, ohsre waa an lacrosse in the 
incorporation of oXuoosa into flyoofoo ooo ti&$u$ uridine 
ouolooil^o pools wora o^paodod* ^\hon oriMna was coot too 
frorc tha inc^ha tion .tro.>:trara f IwU UTP and UDFG dropped 
markedly d**rir&9 a 1 hoar incubation. Songu, E v * &t a i * , 
liMlilMl 3Q;X19^22 IXfilK m a study of parens oito 
alcoholic hepatitis , a banal effect of 

^ r id f n e-d iphosphog lu co $ & * whan aimioi^ter^h iotramosc^larly 
or iotravaoooaiy < was fouod in Moclmnocal iniioaa as well 
ft physiological too psychological sy externa* Thus, 
pyrifcidin* masiaosxdUss «r« afiactiv^ in troatmsmt of sots a 
|||fp of pa too l coy ol ana 1 1 wr v 
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nucleosides ore aleo useful for the treatment of 
diabetes. In orper imental di&batee, SNA synthesis is 
r e do o ed in a. number- o f ti e s u e a , Mm a i s t r a t i o n o f or a 1 
sodium rFoornxelaete was: found to in create the rate of RnA 
bioeyntheeio in t leaves of diabetic rats* Oermenyak, lhL* ? 
et **** Fa^^koL To^i|oL 50-S2 This effect is 

probably a result of hydrolysis of the administered ?iKA to 

individual ribonucleotides and /or riiv^nnelaoatdas . 
the failure of synthesis in the diabetic rat liver hss 

been attributed to the deficient activity of the hoxose 
monophosphate pathway of glucose metabolism in dl&oetes . 
dbah, H>V* , at el,, q\ Morpho t r Fhyajo 1 :V || of § 3 - 2 SO 

urist., . ^ . 

Cytidroa nucleotides heva bean implicated in 
phospholipid biosynthesis. For example, Trovatalli, d,, et 

IliEI^^^ i**3-7S disclose then 

upon the intraventricular adminietration of cycidine into y 
the drain of rats, a ^easurabl^ increase in the 
concsrouoetlons os all to^ nucleotide a, CD? ho line ? 
Cpp-etdiaool amine, end CMiP occurred, The authors state toot 
the low concentration of free ootid! ne nucleotides in 
nervous tissue likely limits the rata of phospholipid 
biorynobeaie. 

Administration of cy tiding &nd or i dine has also 
been reported to he effective in the treatment of various 
neurological rood it iocs in aaicoclt. For example, D^ovedi et 

d^y^^ Um» daacloss that 

uridine, administered by introperi tones! injection in mica, 
re an effective anticonvulsant, providing strong protection 
e f a i as t expo r ima n i a 1 ly - i nd one d as as ores > 

Ganger et al, , d^^^Jlj^^ Of Sal d sac lose 

that tha functional condition of oircoietioo-1 soieted set 
brains perfused with wsshoe bovine erythrocytes suspehidd in 
physiological saline regained normal for only about 1 hour. 



If either the iMnl'i. liver was included in the perfusion 
e i i o u 1 t , o r c y t i d 1 n e a n d u r X a i si a we r a a d d e c t o t h * 
perfusate, the functional condition of tha brain remained 
pood fas: at l^ast 4 to 5 hours* The eytidine and uridine 
tended to noaaliM cerebral carbohydrate and phospholipid 
^et^boXiismv The aethers auqoeat that the brain is dependent 
open a eteady aepply or cyt urine smd eridine, which ^rt 
perhaps normally supplied by the lieasu 

s *h*> Mr^rve Hedica US703 , dterloee the 

effect of daily intramuscular iniectione of eytidine and 
uridine in neurological patients, most suffering ircjs 
cerebrovascular disorder a. Bene facial results were 
obtained, particularly with respect to neat or at roe of motor 
function, end in improving recover after cranial tran^&. . 
ho undesirable ilea effects war a obeereed* 

Ja.nn at el,, Hin§x^^ll^ JJ- 20 ^ 2 II 9 € 9 3 
di ecloee & study of portents with a seriate of neurological 
disorders which ware treated delly with intxa^uacolar 
inject ion a cf cytidine and ^ridioe, Banc fief el a fleet a were 
obaaread, particularly In eerahtova soalar disorders 
iavoivrnp meter function and cental efficiency, ho 
undesirable aide effects were observed. 

Wont Icon* at el . , Mpar^a^ Had^ce 52*4 3« tW*) , 
disclose a study of patiertt with a eerie ty of 
eneaphelnp^thras which were treated with daily inert emu scalar 
irjactiona of cytidine and uridfna. Beneideiei efforts wore 
found in io^t per ran to,, particularly those with 
cerahroeeeculer disorder a or multiple sclerosis. Ho : i 
undo sir able aide effects were observed. 

One mat hod that baa heretofore been usee, in 
effeetr to introduce cytidine epoir alert s into patients is 
t he a dss 1 n i a tea rice of e y t id 1 ee - d i ph o sph o c ho I i ne 
p:DP~choUne* > Cy tidiea-diphcaphooholine , an intermediate 
in tbe bioay a thesis of phosphatidyl choline i laei thin h ie 
need therapeutically in Europe end Japan ponder an. oh earner 
ss So^eeine, lobelia, and Cit ichoiinal for treating a 
wexiety of disorders. Tberapeetie efficacy ben been 



docvanaatod an aantraX narvoaa £y$tat\ pathologies inciaoaa^ 
brain , cranial trama, carehraX ischemia,: throne c 

carabrovaacular diseases, and !h^rkinsca*e disease, The 
maahanioa anda riving the pharmacological act ion a of this 
compound is boliev^d to invaiao support of phospholipid 
aynthoaia, restoration of the bi<Hzfc«*»ic&I *onorfy choose* of 
too brain, or a poasibla of feet on naurotranamittar 
aparticoXarly dopamine? fanctaon. 

Examination of the fa to of CDh-cholioo folio^ioo 
its adaaai aeration to oaisaois or batons indicotaa that thia 
compound is vary rapidly degraded , yioXbi^f cytidiaa* 
choline i ana phosphate. After oral odmioiotrotioo, no 
intact CPP-cholioa enters too circulation * aithoaph plasma 
aatiaiaa and ahoXiaa coaaanirationa rise. After intravenous 
in ^ action, brook dovn to cytidi.aa oca choline occurs with an 
about 30 aocoaaa* Thoratars, it is difficult to atotibaoa 
the tborapootio ai foot a of oaofonoas CDa-chaliro to aha ; 
a a try of this compound diraccly into aaXouXat mataboaiaaa 

Thos apaatic beaatits in carobrai pathologic^ 
aioilar to thoao obtainab with CDP-choiina have baen 
ochiovca fallowing ocmiois trot loo of cytidine and uridine to 
hasians and aaparimantal ania^also That « or o * CD^-chalio^ 
appears to sarao aattaXy aa « i naff intact, ea;pansiva 
prodrug* for cytidina, osa of ahich perhaps hiaoara rather 
thee eahancas too transport of cytidioa to tercet t reseat 
compared to adoiniatratioa of cytibina itaaisi 
M^inlatr atioa o f oho Una hy i tsa i t boaa act resuit in aha 
therapeutic bona fit a obtained of tor administration of either 
ey tierce or OiF-cholcra* It would thus he advootaaooos to 
develop mathods for da lioa ring cy iodine to tha brain that 
arc la as oa conn iva and /or noire efficient than administration 
at CBr w CshoXtaa aa cytidraa itaaXto 

Itr idi ne-d i pa c aphoe lace so , 
aridioo-dichoaphooloaaroa to acid , aaa or i dine diphosphate 
also hava hoar shown to improve acetate aepoctn of livar 
function v a anna ouch phoaphoty Xocaa compounds, as eel I as 
CaP-ohoirna, most in pa natal ba eophosphory lotah before thay 
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will en tor cells, edminis trotion of uridine, or derieotrvo^ 
of uridine, ihouM r«pr$$«nt a eubstonttel improvement < in 
to a o f bo t.h e f f 1 ei e n cy & n d cost, over the us« of t h & 
phoophotyioted pyrimihine derieetieeso 

Cyt.idi.ne end uridine may also havs important 
enf lo^ncef on the taction of the irooone Koehero lee 

€t el. Ummunoiogiyo 015^:34-37, If Mi disclose that 
^d^i^u ^tr^t ion ot either cyt. i$i&^5*^3&c^opho.§ph&t 5 & or 
oriu^no-d * monophosphate to mice simultaneously with &n 
motif on Cshe^p red blood oeflej r&&tslt$ ie a. strong 
eoheoeemeot teeletyee to the r#fpoot& in &r, imeis treated 
with only the antluend of the humor el intone ssispons* to e 
eeeseceent chelleeee with the ee tiger. Enhanced 
responsiveness; of T~helper lymphocytes woo reported, to 
eodorlie t.hi$ phoooeooon* Thus, oytidine or uridine may bo 
useful &s euiooets to improve the erfeeecy of vaccines, to 
mprov^ the responsiveness of the imeeeee oyster i~ 
t^ooooompoooxood petieet, ox to rvodrfy immune reeptese in 
experiment el enters, Von &uren st tTr^oosplantotioo 
|€s||4-IS1 OfiioJ distress thee unlet ary noe.lunntides 
n$cfc§s&ry too norms! lymphocytes function? they did oot, ; 
however, eve loots the influence of supso-oorouU omeonts of 
dtehsry or petoot^t^liy Mminir h^ted nucleotides or 
oouuleoside&. : 

|| .liEfi;. exogenous uridine itself is ooteooltted 
to o lorfe extent, rethes then token op end utilised for 
n u o loo t i d e sy n thesis, ue s se r , T , * et ,• Sele^oe 
Hjh???~??S diselose that the toeieted, perfused ret 

I fees dog redes more then Sdl of infused or Id one in & single 
peesefe. Much oi the uridine se loosed by the liver in the 
pott el vein is from deprsdetien of liver nun loot ides 
eynthesised de £ovc rethes tft*n feoe ^tteriei oridlee,. This 
so count- lor the poor eti 1.1 set too of sonde istered uridine on 
peripherol tissues* 

for ensouls, K. lobes, P , , et el < * gMM,,,ilM^^ 
gMI^egl^ ; 2 ~ 3 4 0 fiMdl, disclose that after ore! 



ad^ini^tratlen ol 3 SO mg/kg of urMiM io jaice* pi & sua* 
levels of otadioo v§r^ not prtwiMiv In central* oloaoa 
levels: of oraoal, a OrOtabo.Uta of urid^ms, peaked at SO 
micro then declined and raturt^d nerval aftar 4 h. 
Elevation of pi*£*s* uridine Iwli w** Qfa**rv*d oaly a*t*r 
oral a.dmi:riiotr^tio« ol hi oh do&os of uridine (3500 ooh'koK 
BowiV^r^ such dooaa would bo ssooh too high for an adult, 
moroo s^:ce tMy vould arorooat to about 200 g/doaBv 

A n o v o i str^ t a g y I o r .1 r o v * n o t h o b a o a v a ^ I ab i i i t \ 
of oy albino or ooodaoa after oral or paraotaral 
adrouUrtratian la to adtriniotaa derivatives ol oytibiro or 
uro oo.o^. ootoaioioo particular ouostitooots ohioh improve, oho 
phomoooL: rootle or ether pha.nTa>ceutioaI proportion Co,o<, 
iaaoaport aoroaa biolofioaX aaoabooooa! of thoao ouolooolba*u 
proper :Vy ohoaon aobotiooonta, of which acyi sobatitooaors era 
boot! will onbeofo oorypatio or chomical coovororoo book 
into oyiodaoo or otidaoe folloolog abadoiotxatioo* 

C^rta^o ao\ lat^d ooidtoo ord oytibino dor rvao^v~s. 
oro ho two, ptt at, Hon jo,- M iL, in B.rittth Fatont 
ho. 1 # 29?,3$S, dooooioo hVo* : \o^ ,C*' ^totraooyioy tibrnot 
orb o poooasa for their preparation^ fho ooyi ordratitosoto 
at a ohora dor food froo^ fatty aoida having foot: three to 
oaphoaao oar too a torts* 

fc* r aooa , a t a 1 . , ^^S^ 
€oo^.r^ I vol. 42, If 77) , la 1-1 of., doaoriho oho 
paaporotioo of 1 % 3 % 5 > ~trl™0-aootyicy tadtoa bydooohloribo * 
f too oytibina by roaotaon with ooooyl oh loo i do on aootio 
a old, 

lllllllllllll ha a ok a * at a 1 . f Chao , ,f M a yoy^ Bo 1 1 , ! vo 1 A If, 
1967} , do ao r loo too oca ty lotion of ovtidroe vi to aootio 
anhydride to toroi h -aootyloytidtoo , 5 ■ K>~ooatyloya thine and 
N % , 5 • - v-diooo ty 1 oy t .r di no , ooono other compound a * 

U ♦ S x hotoot ho, 4,022,963 to Pootooh, boaoriboa 
enstboda for aootylatioo all of too hydroxy! oroopa *r> the 
aogar portioo of ooo^a ovoieoaib^a oheah ioolo.de oridioa, by 
a ptooaot intltdttf th€ Mtltl^n of e^co^o aoatit aohydrido , 
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et a I * f §mM^^BM 
QMEL^M£Ll. v * IS 1 2 f p > 1 3 0 1 0 , disci o $ & & & & t h od 

for synthesizing aminoacyi or pet tidy 1 derivatives of 
oytrdine or oyoidine rionophoeph&te using ineoioble polymeric 
P-hydroxy ^ucoxni^ide^ ♦ & " -BOC-^l^nyl eytidine was prepared. 
The ^dno&cyl derivatives of oytidine vere eynthesised or 
prober fca- studying the function of nuck^ssi^, 

depones Patent Publications ^os, S2S1§?7§ and 
SI 835 If 6 assigned to &$&hi Chomxeel I no , KK deecrihe metnods 
for pxtpri^f I " - t^fa-c|tidi^t^ by reeeting oytxd roe with 
sold eohydridnn derived from fatty mcids eDnta.ln.ioo 5 to 41 
cordon etoms> ttho products are snid to b« lipophilic 
ultra- violet eboorhine agents mod &re olte useful m 
e totting compounds in the preparation of enti-tu^or eg onto* 

^'arenebe, <^t ol^ 45f ^.^^fego. * i^l- ?f * iiif, p. 
deeortoe methods for selective acyletioo of the: i -etrrno 
croup of eytidine wherein oethenel ie used as a eolvent end 
aeib anhydride ti eeyi&ting apent, Compounds prepeced Mrt 
K*«*c*tyl~* ^-bensoyl-, end H * ~b u t ysy X- cy t id i ne * 

Ke e et a. 1 « # Te JH^JH^3Bocco^^ci££ > ¥a * * 2 $ * 1 3 & 5 , 
pv J4Sf-24S5 di eciooe methods for selective eeyietion of the 
f position on the riteosa moiety of ribonncleo&rbae . 
trior ne derivatives ^rt prepared including 
2 -O-ooetvloridioo f 2 -O-boosyioridioo % * ooo 
a , S - d i -O-oooty in r i di no a nd o the r dor i v a 1 1 v e e , T h e 
compounds were pcep&rod es intermediates in 



5 1 f ots . of . The 2 nvent loo 



While c&rtam ^cvut^ derivatives of uridine end 
cytidine era known and woo io too studies eenemirixeb ebove 
demons tr&te ibst tsho presence o£ uridine &nd cytdd^ne is 
important to the amelioration of a veriety of $nhy sxoicgxoal 
enb pe the logical conditions and toot a>ethobs sot onb one icg 
the delivery of uridine end cytidine to sntmel tissue mey 
provide on tmpootent eon roe of those neoloooxdeo^ the &rt 
bat hereto lore foiled to provide methods for iotrodooitg 



uridine and ^vtiix^t into aniwi t at rates 

sufficiently high to pliably produce therapeutic effects. 

It is thus a priory oe^ect of this invent lor; to 
identify p.h ar&aee^ tic&l ly ^cc^ptabi^ compound* which cat be 
used efficiently to deliver oharrt&cauticeliy effective 
counts oi urihone sn^/er eytidina or thvir respective 
derivatives to animal tl*rae> 

It is still a farther object ot this invention to 
provide a family of uridine a^d eytidina derivatives vhlch 
can .he effectively edmitiistered orally or parenteral ly ano 
which hsv> no untoward phari^ceuticsi effects* 

It is still a further end related object ot this 
invention to provide a family of uridine tod eytidina 
derivatives which.* whan administered to an animal, 
preferably humans* substantially improves the 
bioavailability of oytidma one uridine by enhshcatf the 
transport of those nucleosides; across the feetroiotestdnel. 
tr&ct* the blood -brain barrier, end other biological 
^aed^nes end which aliov sustained delivery o f high l ove i s 
of these ribooecleesid^v to anist^l tissues v 

It is still a further end more specific object of 
this invention to provide a iandiy of cytidioe and uridine 
de rive t r v e s for the t re a ts-a n t o i a va r r e t y of d i scr de re 
including hearty muscle, plasma, liver, bone* diabetic, and 
neurological conditions. 

These and other ohleota of the invention are 
achieved throe oh the administration of novel ecyi 
derivatives of uridine and cy tie inc. 

Broadly , the ecyi derivatives of uridine comprise 
eosvpoonds having the formula |i) 



wo i^p;^'? 
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vhe ra in R x , B . N * H <N , and B • art the st^i or 41 f f e re n t an 4 
eaoh i * by d r 09 en or a n a cy 1 s aba e e I o 1 a. :oe t abo 1 rt a , v i tfc 
the proviso t^^t at iaaat oni of said E sob&titueots i& rsot 
hydrog&n, or a ph aaaceut i 1 ly acceptable aa.lt thereof, 

In one #:mbodi^nt , acyl derivatives of oridrce ara 
thoae h&vxno the lectin la ill) 




whtrtiri F.^ s E. , and K. N are the a&me of dif ferent end eaoh la 
hydrogen or in acyl radieal of 

fa] an oooraooheb .fatty aoid vitb § to II carbon 
etvO^e y 

|b) an amiab acid select ad from the gronp eoneietiae 
yyy of glycine^ Informs of alanine,, valine* Xeocioa, 
1 aoleueLaa s < ty roaine t pro! Ine , hydros yero line , 
eerine, threonioe, oyatina,: cysteine, aapartre 
acid* gli&t&edc acid,- arginlna,, lysine^ hastidinea 
■1 . oaroitina , .and ornlthane, ^ 
yah a dioerdoaylio a old of J to 12 oerbon atonal or 
id? a earboxylle acid sale or ad irors one or more of the 
o r o a p a o ? i s s 1 1 n 9 o t e 1 y c o i 1 c a e .s, d p y a a v 1 c a o 1 o > 
1 actio aoid* eooloyravio aoidy lleoie aotd* 
y eantorhenle acre, . .acatoao^tio aead,- g^andoebanaaie 
a aid,, hetahyd.ro&ybetyrxe & old, orotic eotd* and 
or eat ine ,> 

provided that at iaaat 00a of aead aebatitooota * and 
sy. la not bydaoean., end fort her provided that if a ay oi read 
eobaiitoeote P., , B ^ , and is hydrogen and if arid 



regaining sobatitoentr are aty! rMicalf of a straight chain 
fatty acid, thee said straight ch&ifc fatty mi S to 22 

carbon itcK ? or a pharoeereutical It aerate able salt tea reef , 
Xn particular, preferred dicer boxy lie aeiba incite 
succinic, foearict and adrpic acids > In a nether ^odmnt^ 
the objects of tha invention ere also achieved with any! 
derivatives of .^ito coar^ras^ec ot^outit he^i^f the 
roanerla 11} abova wear a an R, ie not hydrogen * 

St objects of aha invention aea aleo achieved by 
a dm iris tret ion of acyi darivetiv^a of cvtidiee coa^ prising 
compounds having the foreola II IX ) 




wherein p, , # k,. f are P^ are the same or dif ferae t end 
aach is hydrogen or an aeyl red real of a mUbol*t«, with 
the provsse that at least ore of eari e aabati teeats is nor 
hydrogen, or a pharmareotioally acceptable $&It thersoi, 
Praf stably, the cytidi.ee derivatives are those 
heving nor en la Oil? wherein tea a aehrtataeeta era the rare 
or doff start end each is hydrogen or an aeyi red teal beta tad 
from a c arbor y lie arid so ran ted f too on a or mora of the 
group oonsirting of glyooiio acid, pyruvic acid, lectio 
acid, aeol pyruvic acid, an amino acid, a fatty acid of 1 to 
3 3 carbon etoea, a bieaxboaylio eeid, lipoic aoibi 
pantothanan acid, acetosoatre aotb : < p-aeieobanaoio acid, 
bat ahy or oaybotyaio acid, orotic acid, and creatine, or a 
pharmaceutical ly acceptable salt thareoih Preferred 



* It w 

dis&r&oxylic adds include succinic,, fesri^ f adipic 
acids* 

: Tba invention also includes pharmaceutical 
compositions which compri&e or mora of nov^l 

any fated rlhonucieoaidee dasoaihed above tooether with a 
phar^aceoticaily acceptable auroras, fhaae compositions mv 
taka tha lorn of tablets, dracoes, .ioyaoiahle solutions, arc 
■other forms* 

included aa^ono the novel phaamaoeotical 
conceptions of the invention are those comprising eat tain 
known scy.1 derivatives of aridire tooaih^r or ah a 
pharmaoaotiaailv areas cab la serriar* Seen c^nipooxaioaa 
include an aeyl derivative of uridine having the iarnala CI) 
or 111) vioh auhatataante E^, h v , ana e^ as del in ad 

shoes, or a pharmaeautieally acceptable salt theraoi * 
Pre feared anyi derivatives of uridine* include 
2 * , 3 * , 5 * ~t*i~0-ae*ty I uridine, 1 % 3 * ,S * -tri-O- or oniony 1 
at loir a , or i * , 3 % 5 * -tri -O-butyryl uridine. 

■f.he: invention also ineledaa pbaamaceatioa^i 
coupon rc tons of certain aeyl derivatives of cyaibina 
t on at her oith pharmeaaotically aeeapaabla carrier a. Soon 
a c y 1 da r i v at i v e a i a c la da t ho a e ha v i nf t,h e f o r mu Is 11121 vi t h 
eubat it nan ta^ E, ? ss da aoribad above, or a 

pharaaceotiraliy acceptable s<a.f the ran if foe tarred aoyl 
derivatives of eyaabiea inoiabs 2* * 3 1 , S * -tri-O- acetyl 
cytidina , *x % 1 ' , S * ~ tri - 0- prop i any 1 cytidina * or 
2* , 3 * IS; - tri-C>oaty ry I cytidina > 

It has bean fo and that the deli vary of enhancer 
uridine or cytidina to anion 1 tisane can La a^v^na^y^oa* w y 
second is had ay e soloists ring to the enamel an d dative 
anoort of one or mora of the any 1 darivetivaa described 
a b on a * S t he e in r t h a r bean fcan d t h a t any sic log i a a I o r 
pat h o 1 a a i c a 1 a on 4 1 t r o n a o f an .uiv&l t i a s ea may be 
ad van tea eons ly arreted by evpportiea metabolic functions 
thereof by ieorassrae the bioavailability of uridine or i 



eytidrne to that tin ana by ^rd^i^ttrinc to an animal an 
*f fecti^s amount ol aoyl 4eriv&s.iw &bo : ¥&* 

The invention cor. templates the v^t of thes& &cyl : 
derivatives for treating a variety of physiological and 
pathological eooditioea, including treatment of cardiac 
ir^uf floi^noy and ^yooardial iofarotioe, tr«&fc®&§mt of liter 
diaeaaa or daMaoe* sauacle par farms nee, treatment of lane 
•di^ord^rs, di abater otoirai narvoea ayateia disorder a aoch 
aa oarebroeaaeelax disorders, P^rki^ion^ SiMts^, 
aenilo b^antiaa* Tha compounds of the in vent loo ra*prova 
*h* bioavailability of oytldina and uridine by enhancing the 
transport of there nucleosides icrosi the ear aroint art ina I 
treat mod or nor bi0in9.ro a 1 mantra nee, an d prevent their 
premaiota d^gradotioro 

Tha as advantaqeoue ess a of the eeyl derivative a e£ 
the invention ar^ exacted by adniinisterinc coespoaitiona, ea 
deeor ibeb above * of an elf act iva amoao t of ooe or acre of 

■:' : ::':-y y .. . : : : : : : : : : : : ; : : : : : : : : : : : : x ; 

theae aoyl da.riA?ativaa and a pbarsaaeeot ioally acceptable 
car alert 

lt#ainiitratlon of the aoyl darivotiwa or eyaidlee 
and oridina offer certain advent ana a over admioi at ration, or 
the nodorrva tired eor<pour:da. The acyl ettbatoltnenta 000 da 
selected to iocraaae the lipophilic! of the ouclaoaide, 
thue improving ire transport fro# the § as trointe at anal traot 
it to t ho bloodatraaau The ^oylatad earivaiivee are 
off active whao tidniittrM orally. They are reaiatant to 
oataholiam by ouoleoaide daaoioaaoa end eecteeeide 
phoaphoryiaaaa in the intaatino, liver, ot oar organs, and 
the blood a t reaau thus , aunutoiat ration of the eoy la Use 
derivativee of the intention, either orally or parentsrallyo 
allow a austained dalivary of hint ievale of these 
rihoneeieeeidea to tba tissues of an animal. 

this figora above tba baaal heart work 
oat pot fox endamaged (recaived only a a line) rets, rare with 
aapatia^otai myocardial damage but entreated (racexved only 
aeltnel and rats treated %?i th tri sea tyleri dine CTM?? and 

' • • : ■ • '. • ; : eh t ,:■ ^^^SMMiXSMM^i^ -; ; i W ) •• : ; . ; : : - ; ; : ; : ; ; : ; : ; : ; : :■ : ; ; ; •; : ; •: : : . ; : : : •; i ■ : : :•; ■ 
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traaoaty icy tiding IT AC I a^tcr experlswni&I myocardial 

O a>m ^ O a 

V IllSiJi this fifura shows the teaa&i left 
ventricular systolic preaeare of control rata, entreated 
rit^ and rats treated, with TAU and TAC after i^Mriit^il 
myocardial damag $ >• : 

iMElii shewa the hasal 

ret<& of ventricular contraction of control rat a, retreated 
r^tJ^ and rats tr^at^d with S3 ml TAC oftssr exp^rimancal 
my ocar di a I damage * 

f lfgrf uu this figure ahowa tM MMi. 
rati of ventricular relaxation of control rata, uotrested 
rats, and rata treated with f AO and TAC after a^.o^rimental 
myocardial damage* 

; I^JHl^ figure in« tha,eaaai heart rata 

of control rata, untreated rats, &.nd rats traated with TAC 
and TAC after ^rperle^ntai myocardial damage > - 

IAlH£JL ***** figure ahowe the maximum heart 
wo rk o a a p u t of confc ml r ata, us t r a a red r a t a < a no r at a 
treated with TAh end TAC and norepinephrine after 
experimental myocardial damage * 

£ilH£i_Ll thia figure ahown the left 
vantricalar syntolic presaare of control rata, cotreated 
rata, and rata treat ad with TAD end TAC and norepinephrine 
a t tea ax pa r i^arta l myocardial damage. 

Figure §t thia figure ehowe the ^1^;:^ rste of 
ventricular contraction (max imam) of contra! rata, entreated 
rats:, and rets treated with fall and f AC and norapinephrine 
after eaperi^eata.l Myocardial damage,. 

fiJ:E£^ll thia figure ehowa the maximum rata of 
ventricular releaaciea imaaimam! of control rata, em treated 
rate, and rats treated with TAh and TAC and nor epaneph nine 
after experimental myocardial da ma 9 a. 

£|£ura_|0£ a h i a f i go r a a ho we the he a r t ra t a 
ie>arirvamj of control rata., untraatad rata, and rate treated 
with TAh and TAC and oorap^neph^ne after experimental 
myocerd.i a I damage > 
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EH^mJLLl this figure *ho»* pia^a ISF ciearaaco 
in rats Mitfe liftr daa*&§a treated, visfc T&£ and tXU or vitn 
vst er I control i * 

A ^ataboHto* ia a chemical compound tii^t is 
fo»^ or participate an, a ^tafeolic r^actiorw X*i the 
c-Dntcct o£ this &pplic&tx>or<* metabolites r*£*r * in 
partiaolar, to caxboxylic acids known to bo ayotbaabaao 
within too hoooo hooy o aoc also naruraliy- occurrioo (but 
perhaps syotheaiaod rathssr tlmo exto retool aubst^taanta that 
mi oh t. bo do 0.1V o d f r oo a t h o r & a i o a I or pi ant a our a a a * Tha 
limiting criteria are that too oo^poooa should bo 
a o b s t ant a a 1 Xy no at oa 1 o and b loo o?ap a t i b 1 a ? and should r eo c ,1 .1 y 
a at or into ^otaholio pathoaya to viva* ao aa to poo sent 
oasantiaily ao toxicity doarag ioog^toam eoosooyptioo in the 
doaas proposed* it ia paaiarahia that the auhstituaoaa ho 

t a ho 1 i r o d r & t h o r aha o or or a ted 1 a too t I or o o o j a fa tod 
ohooofh doto^ifiootioo raaatiooal , cor*o#ntaaaion oi 
caohoayiio acids within tha kidoay may load to undaaiaahia 
aacaaaiva acioaay. tlharaiora^ carboaylic aoMa that aoroaiiy 
or a a a i I y pa r t i a a p a t a to i a a a rmeai ar y * c a t aha lie > or 
anabolic a*otahoLls?$ ara prafarrodl aobotituoota . PaaleoobXy 
such oaraoayXic acida aaa of aarlecoXax oaight loot than 10 CO 
Balooar * ' : 

^ahata^acoatrcaXXy acoapaaola aaXtr* a^ans aalts 
with pharaiaceaticaiXy aoooptahlo acid addition oolta of too 
oacieosida oorivaiioaa of too invantaon. So oh a aaa p tab la 
acids iociodo, hot are not .1 ami tod to, sulfuric, 
hydrocoioaic, or phosphor io aero a, 

^Coaaministered^ maaoa that aaoh of at Xaaat too 
aoyi noo loos i do derivatives are ahmiaiscaoad daring a a too 
frame wherein the respective perioda of pharamcoXoaiaal 
ao o i a i ay o v a r I a p * . . : 

•*Aoyi derivational ara aarivaoiveo of cytidiae or 
uridine in which a auhataoti ally ooaooaio organic aoyi 
aahaoiaaent. darav^d fro^ a oarhoayiia aoad ia attaohad to 
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ona or im« af ireo hydroxy 1 groups of the riboaa moiaty 
or cytidioa or mM^# witfe an titir lintofe,: and/or vh^rt 
aoch a aohatitoent ;U attachad ^ 4 primary of secondary 
aruna in tha pyrieidiea ring of cytidiae or 12 riding, with ar; 
asnida linkage, Socb any I aobstitraata include, are not 

limited to, ohoae darivad fro^ acetic acid, fatty ^^id$, 
asaino *cia$, i I pole acid, 9 ly colic acid, lactic acid, 
^nolpyruvic acid, pyruvic &cid x * orotic acid, acetoaoetic 
acid, b^t^-hyaroKybutyric acid, or^atinic succinic 
*ci<$* Swuaric &cid, adipic acid* and p ~&s*ina&*H soi c mM, 
lr€&^fM teyl eebatitoerta are oompoonds which t.rt nonMliy 
present in the body , ^ithfcs ea diee&ry or ea 

intermediary sMtaJroXites, and which are efaontially nontoxic 
^hao cleared from too tibonuelaaaldo in vivo, 

* Fatty acida* art aliphatic oarooKyiio acids 
h^ing 2 to as o&rfcon ato« > Soch tatty acid a may fee 
aa tor a tad* partially eotorah^d ox pe lyonaaterat ad * 

^ 'Mino tcMi" inclode , hot: are not limited to, 
glycine, the L Som of ^i^iM^ v&Um # 1 racing 
iao leocrna , pheoy lalaoine , tyros ine , proline, 
hydroKyproli.no, aarisie, thraooine, cyaooioe, oyooioo, 
mo chionioc , t rypt opha n , a apart i c acid ¥ clot && ic ac id , 
aroinine, lyaine, hiatidine, ornithine, and hydroxy ly a 4r# > 
hooever, oho iovantioa is not 00 Umfoo, it borne withie 
the- ooetemplatror ef the invention to teeiode ether 
not or al ly occurring amino tcMt , 

The lipophilic acyi derivatives of oridrne end 
cytidiea are uaef ul lor eohaeerng the transport of the 
noc recorder ac too a tb a footroieteotinel tract ho aoimale, 
for a 00 at aoiong anch animals are b omen a * hovoear , the 
invantroo la rot in tend ad to M ao limit ad, it haing 
oontompleted that all animal & may be treated with the acyi 
dor. lea ti^ea of the preaant too option with attendant 
I e n a f i o i a 1 a £ i a o t * 

Although the rov^etion ha not hoond by a epocifro 
a\ac\hania^ of action, tho compounds oi th* protont invention 
appear to effect there benaf icial activity by inereeoire the 



Moav a liability of cyii<u*te and oti^ine* and tfer^fer, 
ia^roving ti&so& regeneration, repair * p&riorm^nce , 
resist &nea to da^ag^.* and adaptation to physiological 
desa&nd* thay s^y work^ well., by iacre&mnf tl# 
bioavailability of nuek^yi toaiKrlita*, ^,§ x , ^iaotides 
or kot id«-^4*v«a »ucta?: , ^^u^^^xx^ti^ of the 
nucleoside per ^owas^ t^ii: fexs&v&^I&biliiy kt f doe 
to rapid oatabtdism, this may not r^ult in significant, 
elevation of nucleotide levels? i,a* , one doaan* t 
r. eces warily 90 t an anoreaee in plasma leva la bee&e« at 
lowar m*cl*«>*ia* l*v*Xa thara ia rapid uptake by the calls 
vhere&& at higher l^ek there is aaturation and the eaeeaa 
is aagr&aad* foe invent ioo ia telit v^a M work by 
deliver! no a *u*taiB«i supply of ^.eiioiili it ipir l^vele, 

Preferred acyl . derivative of cytitfine or uridine 
lor enhancing transport acroaa biological M^bri^tf are 
those o*hich are more lipophilic than &.r$ the parent 
SttcI»o»id**,r In fir^ra, lipophilic aoyl moleoaide 
g&riv*tiw« have aoyi ^obttit^nts wbich are nenpelar (lliil 
from the c.arboxy late group}, Such ^oyl ^ufe^tito^n^^ are 
^rw^a *ci6« incl^tog, hut uot limited to, acetic 

acid, iip-oic acid, and fatty On* ©£ ordinary ehili 

in the art can determine whether a particular acyl 
nucleoside derivative it- more lipophilic than the 
<mt^l?ati**£ m>HtleoaMe ueinc st^ndtM t^hMpii, i.e., 
comparison of the partition c©«££i«t*ax* estayiainadi in 
wat er-oc t^nol miK tor e & * Follwin-g paeeaoe of the acy let ed 
noc loo side derivative Iroa* the g astroioteetinal tract into 
the ed.oodatteam ox across other biological ^nibranee, the 
aeyi aobotituoot^ arc c loaded by pa^ema ano tiaeee a^torafaa 
lor amadaeee! to give the free nucleosides 

The rete of removal of the aoyl rabrtiioants i£ 
oleo a a a f one t ion of the epaoilioity of plaame and tietue 
deacy latino anrymea (primarily esterases or amidoaei?! , ncyl 
oobatitoaota attached to &n amine group in the pyt imrdine 
ring of cytidioa or uridine mch en amide Ii:rdca§a art 
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«l»av«S mort slowly then ers> euhetituents attached to 
h y dr ok y 1 f r one a o £ r i bo $ e wi t h en e t c e r I i nko c e , 

It ia pwo^ihle pnpiit dcyl r^cleoauce 

eerieetiver which contain polar &nd ooepolar ocyl 
aabstituents > Th« polar eryi ^bxnimnt will retard 
peoeege of the nwcleooido derivatives from th* 
o&ntroxntent ioai treet* ^.IXowiag for a mors- sustained 
delivery of the compound into the blsodstr^^ writer a sma'U^ 
done, The pol&s group may be oleoved by itteiisfl, 
eoidosney or p^pti^sc;^ pr&s^nt in the irh^rrtiin^I treet to 
five e neoiooride with a no n pel en acyl euhntitu&ot which rs&y 
the?::, efficiently enter the eitool&tlon, #oi&r acyi 
tubotovtwents mey toe shores by one of ordinery ekill in the 
«t ? wit hoot nodoe eeperlenmtetion, wh.ieh ere eleeved et a 
fester ritt then ore nonpelar ecvl ouhetitoent^ < 

Ite acyl o^-^v.iUi¥^.$ ere eXeo In on oooeepoibie to 
eoorade tioo of tiny ooeieoeide moiety by errymee in 
ere non-tereet tr^o^t, tor tte else lets rreoepUble ro 
^ii^ieetinn from ths blood at re &sa vie tho kidneys, Far 
p or enter el inject ion,, &cyl dor I vet fee 0 with no lor eovl 
eob^tftuente, which ere therefore weter eolubie y^t 
rerreneet to p remote ro deoredetren or elimination, mey be 
ooed with edoeetene, Preferred etyl dorieetieer in such 
application include glycolete end leetete 000 thooo derived 
froo onion 00 tor with peier side eheinsu 

^dnsroietrotioo of the eoyl derivetieet of pyridine 
mny be eeefnl in to no ting long disorders, including anient 
respiratory deetreee eyodroee ileoS) ... ond in ^otntolio 
disorders that effeot polrvonory feootion. The eoyl 
derrvetioee eppeer to oopport or enhenoe phospholipid 
hi nope then in end rorfootoot forme ti 00 in the lone. The meio 
to^pooeot of the nor foot en c> phosphatidyl ebolioee re 
derived from eye Id. i no diphoephooboiiee > fhoe^ 
edrrio let notion ef the oeyieteh form of oyridrne will support 
on eepmeot toe cops city of poeomooyteo to eyntheaitt 
phospholipids end generate sort rcteot , The hooefiniel 



*ai-Mct$ of eytidin* &c$l derivatives a»y b« «ssha»c«d by 

la adbitios, administratis of the aoyi deriv&tive 
oi £ytidi.oo ©ay bo useful in ixe&t«mt of o&iar&l bio©rdors ; , 
th® &Cfl aeri^«txvms aay titrs th^iz activity by restoring 
or r^ootauoinp baiio phospbolipib composition borioo or 
aftar a period of oor&brab hypoxia or sxzok«» 
Admiolstration of tho ooyl 4eriv&tiv« of cytidi»« Bay 
bo usfefol in onset or prooreaaioo of 

dog«oorot.;Wo disorders, biaordas\a soeh as coroorovasouiar 
biaorboro, P&xkimvn* $ &lsm$%* mn4 oatebroi ataxia havo 
fe«tn linkti is phcspbo lipid Xevols, f bo may! bora vat ivoa of 
uridiaa ausy bo obvantao ooooly oosbauristoreb with the -acyi 
derivative of cytidioe to aohaooo it* of. foot. 

Ad^doiriretion of th* ac^X *$«riv*fciv<»s of. cytidine 
*nd ^rlsine may be eff&otiva for the treetm>nt of 
eerebrova^cuiar de.SM?ntiaa &$d F&#3cir*son* & 
Cereh.rov&rcuior d^r*enti&s &nd direeee c*re&e 

grade el, §^Mftll| eyr^&tric* relentd&&$ly |^roe resolve 
westing ewey of the neurons, Cetefer&X ataxia is 
oherecteri&ed fey ler$ of nerve ssaXXs principally effectrr.^ 
the Pookinl^ oelir * 

therefore Mministr^tlo^ ol the ee.yX a*j?iv**iin« 
of cytidine and ^ridi^ »y thtir ^.puvity fey 

enh^ne.ino phospholipid .feio&jf&fch&sis and thereby ameli^rati^f 
the e£ fecte of c«r«&rsv&££ul&s: di^ord^x^ , Parkin^o^^ 
dis^«e end cerebral at^ia., 

Ill relate i to tr eetment || 

phy sioiogreel or pathophy oioiogioel conations whrrss the 
hody-e eepeoity to eyistheri&e r<o oleic aoide 1$ mmptisl. 
These condit^o.os iooiede diabetes, ^o^e^reo^e, end edreeei 
in^af fici^ncy v A^i&isfcra&ism of the soy I derivatives of 
eyttdto# or Mine «y provide e oenefieiei ef foot by 
providing e su&teined delivery of hifh levels of eyrrdroe 
end uridine to give ^^ffiei^nt po^le of nuoleotideo which ;! 
ore eooeseery for the biosynthesis of *n»y«e» erociel lor 
rell^ier eelf regeneration. 
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Although th« i^v^ntion is not by «rsy on« 

mode of &oto.on, tho compositions of th.& present invention, 
in acd of themselves t eppo&.t to act by «nh a ocin§ nucleotide 
&ad nucleic acid aye thee is and protein eycthesle fey 
providmn rnicleasidae coder condition wherein d£ 
^ptMaii if not sufficient for supporting optical rates of 
nucleotide and nucleic acid eynthe&ia* Thus;, the compounds 
may llnd uxiiixy i» tr^titnt of eardiee inauf £ iciaocy, 
$?;yocerdiel infarction, liver disease including cirrhosis , 
and If .rwrii.^ the p&tholo^ical effects of diebate;S hy 
ace* X seating middle acid synthesis and thereby protein 
^yotfeeeia < 

The; li§| derivatives of liiiahi i:oi cytidine hay 
be administered to improve ventricular function after 
myocardial infarction or in treat inn or preventing cardiac 
ins uffieieoeyy The a oyl nucleoside derivatives of the 
invention,- abieb appear to aupport the cellular mecbanieme 
involved in calcium sequeat ration, and which thereby 
preserve or support cellular ATP regeneration, may have 
significant therapeutic value in preventing or treat inf some 
of the de later itnrs effect a of myocardial inanity > 

f he compositions of the present invention may he 
eeadminietered with drupe which are need to treat cardiac 
insufficiency, & x 9 ♦ , digitaiie, diuretics and 
cat echo iead.nes * 

it in possible to attenuate load-induced 
myocardial damuoe, end to promote etaoie h^per function by 
providing to the heart, sehataocee that support the 
biochemical processes involved in calcium sequ^stt&t ion and 
Rba biosynthesis* Uridine and cytidine are useful compound n 
in this coo teat. Uridine has been reported to be relatively 
ineffective in supporting myocardial hyper function i£ vivo? 
however, thie may he because uridine is rapidly dec reded by 
p la ema and fi^eue enrymesv which consequently prevent a its 
oti ligat ion by the heart * The invention ia haaeb part ly on 
the finding that it ia poaeihle to improve delivery of 
uridine 00 the heart by adminieterinu the acyi derive tivee 



wtech gradually release free ^riiiM i^to bioobetreao 
over eh ee tented period of time. 

The acyi d^riYatv?^ of uridine auw be afe^n;.^ 
fc«re<$ to tr^at hypoxia or ano^i^. these soya dteriv&sivsa 
tpftir t0 act by eobancirc hioayn thesis of uridine diphos- 
pbog lueoee* a nece s sa ry intsr^di&tss in gl y nogen syotbeai s , 
to improve ia&s$ie tc liyp<*^4€ or arori^ and 

preserve the functional capacity of tissue, in particular 
care lac. Uridina eoyl derivatives oay be used for the 
tx^rtwnt cf hypoxia, ^oxia, rscheeie* axuaa&ive ceteebei- 
e&io&rf be atxiatti&tian, aod dieoxie tonicity. 

cojspoaa&s of the present invention ee*y also 
fir>d utility in countering ^or^ of the long t»«* 
co*rp 1 ac at ion & o £ b rebates ? vh ic h i no Xe ae ne ur ope in i e a * 
airtariopetlusoib* increased susceptibility- to both coronary 
arteriosclerosis end swocardiaX infer etinn, inl blindness v 
Sines* de novo nncXeotiha &y?*tbesi& is suppressed in 
diabetes, exonanous acyl be rivet ire a of nucleosides bees 
thetapeucuc value ao teeataof baebeteSx In edditior* the 
derive tired io« of: too nooleeeibes m«y bo aa£euUsta\reb to 
provide sufficient pools of ou^aeoeihee reesssety boo the 
biosynthesis- of ootymas crucial lor cellular self 
regeneration, Thus, "bo invention el^o reistea to ^atbobo 
for treeiing, for extepbev disbar to liver, or vascular 
disease by administering rde eoyl noclacsbba derivatives of 
the invention The scyl nucleoside derivative are also 
esebaX bo supporting or enhancing muscular hypertrophy or 
hyper function in response to inereaeeo descend* loch demand 
:ooy occur after au star neb ^osoolor exertion. 

Pre fear ad eoyl sehatitnenta include acetyl, 
p r op a coy X , end hot y r y I o ro ops * too f e rreb soy 1. roc I e or a be 
her 1 vet i ve a loo lude 2 * , 3 * ? I f - tbi -O- ecoty 1 ey t idane , 
2 > ,3* , S ^tri^eeetyX uridine* 2* , 3 % S ' -tri-O-propiony 1 
uric in e , 2 ! , 3 4 ,5 * - 1 r r-O-prop lory X cy t ids ne , 
2\br , b --trr-0-bo tyryl oytibane ond 2 * , 3 5 , b ^ -rri-o-boty ryb 
oribi.no. It car be advents geoes bo ocebMoister eeyl 
derive trees of both cytsaiee and uridine. 



wo m imm 



- 27 ~ 

liliiiii doaaga t'osss |pi «<§uiv«X«nt to 10 to 30SO 
of oytidine and/or oridtoe it* the form of tMir acy 1 
derive tivae or the p-ha.s»ace» tic^l !y accept ah la salt thereof , 

1 to 3 Si^es per day. This corresponds oo s for exaopls ; If 
to 4 SOD no: of 2 3 » , S * ~tri~0~aeety I S|ti8isi end 

| %!' yS^tti-O-eoetyl uridine- 

For teaapmsof of cardiac isfiaof f ieiaooy * wyoc&rsi&i 
ioiarctioo a of the cen««$ia»ftc«i of hypertension^ a 
composition comprising ;2 5 to 100 mole patoeat of the »«yl 
format ivs of uridine be coadanistered toeether vith 1$ 

to 0 ml® peraent of the «eyl derivative of cytoeloo wxth 
the proviso that the aoooopa of the aoyi derivatives or 
cytrdloe and at id foe do not at teed Iff ooie percent, for 
axasaple, U25-450© op o£ 2 % 3 \, I * ~tri~0~aeatyiuridine may da 
admiolaterad vitfc s~34?i op of 2 * ~tri~o™acaty Icytiosne , 

For trestssaot of cerebrovascular eU tor dee r ,, 
diabet as , liver damage end disease t aooh to iaors&oe oasche 
petfotmaocoj a eoopoeitioo eooprieitf 25 to 15 oole perceat 
of the aoyi derivative of oridine eiay he coadministered 
tote thor with IS to 25 mo ha patoeot of the aoyf derivative 
of ey tad toe vrth the proviso that the amount of the aoyi 
derived ivaa of oxieioo tod eytidina do tot eseead if f male 
percent, for example, 1121-3315 op of 

2 ! s 3hS' - tri ">C s ~-aoetyloridina may he coadministered with 
Plii-iifS ap of r a ( » 5— tri~0~eeatyl oytidioe, * 
for treatment of respiratory distress syne tone., if 
to Iff mole; peroeet of the aoyi fori vat ive q f oytidioe may 
be coadministered with ?S to f mole per teat of the aoyi 
derivative of uridine with the proviso that the aooants of 
the aoyi sarivativas of aridiee atd oytidioe do oof exceed 
Iff asoia percent, for easatple, llfi-ffff me of 

2 ! ,3* ,5* ~tri~0~*c*ty 2 oytidioe may he eoahoinis tared t ape the r 
vi th 0-331$ mq of 2* , 3 % 3 4 ~tri-0~aeety I uridine. 
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A c v 2 he r 1 v a t i v a a o I cy t idle e sane arid 1 re ira 
eaefui iiv 1M treitl^t of ttv^r^l v,^\ittlt^ of cardiac 
inaaf f ici ency > They ars effect ive i.n supporting 
cca^pena^tory hyperf unction in Ik ciif M inei'tMM. load 
upon the heart, in hypertension* tor eK ample, or e&p&ci&.iiy 
in supporting the function o i the surviving portions th& 
heara after a myocardiai inlarotior .> in this latter 
ait\n*tren* 4 xxturt of ^cyi derivatives* of cy tiding ere 
uridine a>ay ha aiaen no soon enter !M ^itt of tbe 
infarction aa po^aable, lolloped fey chronic ore) . administra- 
tion of a auitabie iornaa&aioo »f eeyl do riverine a ot these 
nocleoaidea in do&$* of appr oa\iraately 0*5 to 2.0 f reave p^r 
day of each, Theee compound a may be s$tt lavstiif^ily in 
conjunction vith coaaentioneX tr«&t&*r*t# of myocardial 
indarctionu The nucleoside doxi vativa a bave aba amiqne 
advantage of preteotino the heart against damaee secondary 
to overload, hypoaiar or catecholamines without reducing the 
functional eapecity of the heart,, aiooe they sot fey 
en da no i no the me t ab o i i c intsgr i t y of th e my oc a r d i op , i n 
pert iculas by ia^pr ovine c&.leiu^ handling * foe aaoieoaida 
derive cava a may iko k adadaiaterad pr opby 1 ac t in el i y to 
pat re a ta at r i sh for my ocat di ai f nfa t ci i on or o or di ac 
a no a If i ale any ■ * 

f or treatment of chronic cardiac inanf fiei^ncy f 
^hioh la ad a to ooafeetaae heart failure* any! derivatives of 
oytidino and oridioo mey be administered orally in done a 
ranging f ro^ 0 * § to .3 grama per day of each nucieoeide* The 
nucleoside a $my be oaed in conjunction with other agents 
each a a digitalis da ri votive a or da a rat ice* In addition to 
ia^nrnving ^uncaiOiv^l function directly f the ancle oa Ida 
daricatavaa reduce di§\italia toxicity ai tbout impair inn i t a 
o 1 i a i o a I o f f a nary * 

In many tie sear of di aba tic nuo^ecis , cellular 
pyramid me nucleotide levels are reduced; thie may 



e or* t r ibut;e to e ooe o f the 1 o no ~ t e e or • p 1 icon i on e of 
di&betee, including erne ci oca three , neuropathies , and 
d e c r e«eo re e i $ t en c it of the rsy o c a r d i on t o ?r^cha n i c&l o r 
biochemical itiBi. fhese cornel ieet tons are re Is ted to 
malfunctions in tiii^f oe.loi.usy MMlirif, in which pyrimi<8in« 
nucleotides play key roles. It hes been reported thet daily 
In tra&taa inaction of cyt.Uline &n<3 uridine reverses the 

gipr^sslan *n peripheral n&rve conduction velocity in 
dietetic tokens (C« Serrs, Mil Med> § S 1 1 5 4 4 [If 73 1 | * It ie 
prtf f rafcl^ to M^ini^ttr tvf I derivatives of eytidine iM; 
uridine orally in soicehle formnl&tions ^ Doses equivalent 
to 0*5 to 3 grsco> of cytidioe sod uridine ere sd^anic tor «*d 
dolly , if. con junction **ith conventional enti^iehetic 
treatments . The uooleueide derivatives ere particularly 
e s e f e i In no n - i n & u 1 i n d e p# n d en t d i & to s > 

In the treatment of the eoneeqoeeees of 
c^rehrov^^ouiax disorders. # tcsohe end. chronic or ecete 

eer&brovssciuer insof ficieney t acyl derivatives of eytidine 
end ori chine, pertieuier iy theee foxmoletsd to pees threonh 
the hlooi-hreio barrier after orel ed^inie tret icn, may he 
ednuni^tered in orel doees renting fross 0*S to 3,0 frees of 
oeeh nucleoside per dsy for it Isft soverel months , 

In Pe rk inson * e disesse, any I eytidine do ci v e t i ve e 
or e p s rt i c u .1 ir 1 y n s e r ui ? e nd me y he five o in no o y on c t i e n 
with the conventions! toceetment of choice, L-DOPA* the 
eytidine tserivetivee^ administered in ore! dos^r of 0*5 to 
1 j |r&M piiiyyiii permit sa tie factory clinical 
^oiotenenoe on redo cod doseges of L~00?A, which is 
sdventa^eoes beca^ee L~\DOP& hoe codes iron Is r ide ef f ectr x 

the soy i derivatives of the invent ion may he 
or opened hy the fallovinf 9«*ft?*l ^etho^., If h e n the eeyl 
eobecisoent hoe ^roope which interfere with the acy lotion 
reset ions, e.g., hydroxy I or ooioo f coops , theee §,roops msy 
he blocked wi th protect ins froepe, e.g., 

t-botyloimethylsiiyl enters or iy &OC nroops, respectively. 
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bafora preparation ol the ^n^ydr^^,. For example, lactic 
a co. a assy be CDf;Vgrt«d to t ~bot y Hi^t hy is; i 1 oxy } area ienrc 
acid with e-ho ty 1 d -ma thy 1 obi o re ai lane , followed by 
hydro lysis of reciting a idyl ^rur ¥.U:h M^tou^ t^§tu : 

The anhydride ii| la farmed by re acting the preset ^d acid 

with mc< 

la the caae of amino acids. the N~fc~80C darivataea 
may b^ prepared;, uaing standard reebnigaea , which i« then 
converted to the anhydride with Odd, 

Derivatives containing aevl sukstitusnts with more 
then one cerbo^yieta greap iey§* r aoceamece\v ferrate, or 
ad 1 pate h ar a ps spared by r$ acting tha acid anhydride of the 
deaired d^oacboxyltc acid with a 2 * -dao^yribonucleo&ide in 
pyridine. 

fer MMpit , the 2* * § ' -tri-Q-aoy i darieecieea 
of or i bine may be prepared by & modi id ad procedure diaclcead 

^ uuhiz^.mt lioga^aisk u*2««5 Omsk to 

coe ao^iealeot of uridine in pyridine ia added 3.1 
equiveian^ta of an acid anhydride yaeecie anhydricey butyric 
anhydrida, etc.), ^rd the stieture heatad to Id-IS^C, Th& 
tciaoyl datiyetiva mey thee he isolated aa lag etaodard 
teche ique a ♦ Ma ar eetieely * uridine may be t ea a ted. with I < i 
aauleaianca of a desired acid chiorrde faoatyl chloride, 
paimitoyi chloride:, a tod) ie pyridine at rco.m tamp^ratcre 
ISae Exempie V) , 

Tht-r S'acyl bear vat tee of uridine may be prepared 
according to ttiebieawa et by reacting uridine with i 
eg cava I e n t of the a c id a n h y d a i d e of the dee i r ad a e y 1 
compound in pyrrdiee at room tempera tare , the react ion it 
then heated to 80~§5*C for two hmwra, cooled, and the 
5 — aeyl da ri vat a ve isolated by standard taohniqoea ana 
purified by ohromatof rephyc Alternatively , the § • -acy I 
darivatiee of arid one may da prepared by treating arid i nay 
in pyridine and D.HF et i^Cy with 1 equivelant of th^ acid 
oh lor Ida derived from the deal red ecyl oompcond. The 
Sh-acyi derive tie a of uridine may than ba iaolated by 
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standard essoin tones and peril' led by chr c>«;«s 1 09 r *$fty U«?e 
:E>a%n$pie VI I v 

lbs |* f 3 s -d|s«yl asrivstiviss of uridine mey be 
prepared by & pr<5C«4«£e edepted gross* Beker §i aL„ |v m te< 



Chen ■ ,|a a?3 , The S'^hydroxyl croup is selectively 

protected ^£th 1.2 <w|uiv&l#®i* ot t~bu t y Idisoe t hy X * il y X 

The S * * v i^boty Xdijss t-hvi 55 11 v X de r i osh ive of uttldloe it 
t so latch by ssisdaj-a wch:uques ? then treated with 1,1 
ecu ;v« leote of the acit anbydxXde of the desired scy X 
compound i» j>yridin« ot 0-5*C. The r»»ultin» S * ~;|/~buty I 
doo.ethyiriioxv»a%r -diecyl uridine i* then tx*at#a with 
ietrebusy looser iocs tlnoride one the 2 5 1 f -uiecyX derivetive 
of uridine ii is-oXstcd by standerd teehnioces im® fn&mpie 
TO I . 

the s«co«a*ry emioe of a 5 , 3 * * 5 * ~tri"0~aeyl uridine 
may then be seylated according to Fujii eh el,, 0»S, detent 
Mo. 4,42$ f %3$ t which inooiooe ttoetoueet with 1,1 «^iv&l«nts 
of on eoid chloride in on op tot is solvent cenaaioiof 1~S 
equivalents of an or^ooic .baee* e.f « « aromatic opines such 
ot pyridine, trielkyXaran%t , or IV^di^byianilines, bbuloo 
this procedure, « tetraacyi berivotive of uridine oey he 
prepared which has en ocyi lobstituout on oho amino 9 roup 
ohieb xo different froc, the ecyl sohef i tuents at tM ;> ! ».3 ! 
end o * hydroxy groups fsee Eraople till) ., 

the 2 * , 3 s , 5 s ~sri~o~*cyl hetioativee of eycidxne ray 
be proptred oooordxnp to a method adapted froo dish ot. si,., : 

Jjgd,.. Ch«», I£*UM hi 911 J- For example. < cytidin« 
hydrochloride oay he t tented with 3,1 ecoivsXecte of the 
desired ucib chloride in CPtF - the 3 ! ,3 s f 5 s ~ tr i-O-ecy 1 
derivative rcay toco 00 isolated uscco etonderd toohnipooo 
hsee Enoopie III , 

The 5 s -ecyl derivative of cytieine oey he prepered 
^oootdinp to dish t syjpc e f by treotn>eot of cytadtne 

hydrochloride oith 1,1 eqoivelentc of en ocid ehloride in 
mr< followed by ieoletoon of S'-ocyi oytidine by ^oanderd 
teohn ipooo ieee Exeopie X) x 



ililiiililli acyiatisn of the ^^amina of oytiolho 
aooo^piiahed according to th& procedoro diaolo oad fey Sasaki 

® - - > 11 * s : * 4 C 1 1 6 7 j * i a i*voiv«* 

treot^wnvt of ay tiding with 1*S equivalents* of in acid 
anhydride in pyridine ana IMF, the derivative of 

nytiSlM iif tMn k isolated fey standard t^clusiqws Caee 

4 

Alternatively, t-&& 1 " -aoyl derivotivo of cy tiding 
my fee pr^p^r^d by tr^^t^nt of cytioine with an acyl 
anhydride in pyridine or a mixture of pyridine and D«F„ 
Another procedure for th& ^I^ctive preparation of h^~eoyl 
eytidine involve aei^ctdv^ acyl&tion with an acid anhydride 
in e vatar-w^tor miseibls solvent ayate^ according to 
*Kiy*iaa at #1.., US? 8} (&«« 

latro&cyl oyridxno oerioatioas > vhara all boa acyl 
groups ara tha aan^a, may ha prepared by traatino cytidin& 
with ti If lit 4 molar aquiv&lanto of on acid axthydrida in 
pyridine at rooss ta$\pa.retura ♦ f'ha tetreeoyl ey tiding may 
than: ho isolated aaing standard tachniqu^ a |«e E^o^ple 

to prepare rompoonda in ob i eh the acyl eubstdtoanr 
OT< tho ^ino orcap is different iro^ the eeyl 
aohatit^ant^ on tho hydroxy I gro^p- of the rihoae ring 

h % -palmi tool 2 % 3 % S * - tr i-O-ao^tyl cytidinel , tho 
doaireb aoyl oohatituent ia aol^otiooly attached to tho 
ao*ioo group e& beacriheb above ^ and than tho hydroxy! group a 
ana aeylatae vrtb their intended aoh^totoonto. 
M tar a a iively , tha aubeoitoeota on tho riboae asoiaty oay bo 
attached Fra^r to attaeh^ant of tho aubstitar&nt of tha lT 
^miriO f roup,, aoain eai&o method & described above* 

Compositions within ths* a cope of this invention 
ineloda oil compeeitione vherein eeoh of tha components 
rhorool ra contained In on amount a I foot too to aebieva ire 
inteodab purpoae* Thua, tho oompooitfooo of tho invention 
may contain one on mora acyl nueleoaide berivatioaa of 
uridrna on cytMnne in amounts sufficient to reao.U, upon 
adniinrstrotion, in inoraaa^d piaame or tissue ievala of 



WO 



- 3 3 - 

ayrtdina os; uridine and tha aayi derivatives thereof, which 
thereby produce their desired «££$ct* 

In addition to th« pharmacologically active 
compounds, the nav phar^ec^otieal preparations mey contain 
erui table pharaa&eee tics lly acoep tab X & carr ier e compel ainc 
«xc£|>A*nt* and atoarl lories which facilitate proeeeeine of 
the active co^pou.n& into the praparatione which be ueaa 
pharmaceutical iy « Pre drably , the preparations^ r^rt ocular- 
ly those preparation* which cm be Mrni.nl stared orally and 
which oen fee oead for tha pre farted typa of ede>rni$ tret ton, 
roth aa tablets, drecaea, «no eapeoiaa end elao preparer tors 
which eeo be administered r*«**iiy* aoob a a suppoei toriaa , 
ae wall ae aoi table eoletiona for edmiei strati en by iadee- 
t ion or orellyo contain about from C .1 to SS%, pre f eeehly 
from abotst 10 -SSI , of the active eo^poond U ) , too ethar with 
the eKOipient , 

: the pharoeeaa^ioal pr opera tiene of the preaoet 
invention are mamifae toted in a meaner which ie itaelf 
hoown, |or «#«*8|sl«, by meana of coovaationei mixing , 
p ra.no let ing , dr ag^^ -mariag ? diaaol^iop^ or iyophii brief 
proeeaaac, Thua, pbermaoeot reel preparations for oral ore 
ten be obtained by oombioine the active compound is I with 
aolid ercipiemr h optionally grinding a rereltlo§ rata tare 
are processing the miMbora of granules , after adding 
eul table au>;illariae^ if daairad op oaeoeeary , to eboern 
tab let n or dragee eeree* 

Suitable eatipieote era, la particular, ft liar a 
.aucb er topers, for o^.^pie laoteaa or eecroaa, mennrtol or 
sorbitol , oeliuloae praper^tiona and /or oeiotum pboephare s >■ 
for example trioelcio^ phoaphate or oaieaue; hyorooan phot 
phate, a a well a a hinder a aooh a a at arch pea to, a area, for 
example, maira a tared, wheat a torch, rite etareh, potato 
e tar eh, gelatin, tragecenth, methyl eelioleao* bydro^ypro 
p y 1» t h y 1 eel 1 a i ee a ro d a am oar bo ay me thy 1 to 1 la 1 o e a * and / o r 
polyvinyl pyrrolidine If de aired, diaiotee tetiof epeota 
e>ay be added saeh a a the abova-oentr oned at a robe a and aire 
oarboxy^athy let a rod, croee- Itnhad polyvinyl pyr roi ibone > 



a^at, or alginit icil i ^k. thertof, aoch aa % sociu$ 
al$in*tfc* Axillaris** &x&, &hovs all, £ low-r&gu lat ing 

ana lubricant a, for ^«sp.le* ailica, talc , ataaric 
acid or $aita ther^oJ* auch a a ^gM«i^ ateafata or calciur> 
tt«r*t«* and /or poiyathylane glycol > &?«<?«« ooroa *r* 
provided with Miti^It coatings which, if d**i£«4, ara 
raaistant to 9a a trie iuicaa * For thia porpoae^ concentrated 
aooar aolutaoaa iif M uaed , which may optionally contain 
goa. arable , talc , polyvinyl, pyrroiidone , polyat^.ylane 9! yec I 
^S/or tiuni^ dioaide, lacqa^r aolutioaa and aui tabic 
organic aolvaota or aoivant miatoraa* in order to produce 
coat in§s raaiatant to oar trio juices , aoiotioaa of auitabla 
calluloaa preparations such a a asety Icalluloaa phtMIat^ or 
h y dr c x y 1 p r op y l« t hy leal 1 0 1 00 a ph t ha lata a r a u a a d , O va 
roof fa or pigmaotr may bo addad to the t ablate or drawee 
ooatiofa, for a^a^pla, lor identification or in or oar to 
characterise different combinations of compocmi doaeev 
Other pharmacautical preparations which can ba> oaed orally 
incloda poah-£it oapaalaa mada of fa latin aa well aa 
aoft-aaaied cap rales ma da of fa latin and a plaeticitar such 
as fly carol or sotditoi* tha poah-iit capaulaa contain tha 
actiaa oompoond I a 1 in the form of ftanuXae which may he 
Maed with fillers aoch as lac&oaa, binders anch aa a tar oho r 
and /or lobrioanta aach aa talc or »§neaiam etarata , and < 
optionally, atahilirorr, la aoft capsule e, tha active 
compounds are pre tar ably diaaolaad or aaapandao in sal table 
iifoidi aoch aa fatty oil a, lifcio pa raff loo or polyethylene- 
glycols. In addition,: atahliicare may oa addad. 

Poaaibie pharmaceutical prenara tiooa ohrch c;*u< ha 
a a ad rectal ly Include* for aaarvple eoppoaitorice which 
constat of a combination of active compeunde with a 
aoppoaitory bane* Suitable suppository baser ara, for 
example, natural or synthetic tr iglycet idea * paraffin 
had roc croon a., polyethylene fly cola ox hifher alaaaola. In 
addition, it ia a loo possible to oaa foiatrn rectal capsular 
whi ch ^ ccuaa 1 at ^ o £ a^ oo^ination of the ective compounds with 
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liquid triglycerides, polyathylana glycols, or paraffin 
aybroo&£bono* 

Suitable for^al&tion& for parantaral administers 
tion include aqueous solutions of th« active compounds in 
vatar soluble iorau lor aaaapla, wat^r soluble Miii, In 
addition ? aa&paru* ions of tha active oompoonds &$ appropriate 
oily in loot ton. su&p#r^ion*a s&sy ba sdminiatarad . Sua tab! a 
lipophilic aoivanas or v^\hioias include fatty oils, lor 
aaa^pi^ stiai^ oil, or synthetic fatty sold ^^tt.r^, lor 
e^^plo, athyl oUata or trif iycsridaa ., &q\mo>a® injection 
suspensions gr^y include subo tancas which inctaasa tba 
v toons ity a t t a a su sponsion vhic& iocluda* ios aaaaspia * 
and ion. carboxy^^thylc^llulos^, sorbitol, and /or daatra.o > 
Optimally., the auspaasio^ may also contain s tab lira £ a* 

Tha £oiiowi**g aaajapiss ara illustrative, but not 
limiting, of tha methods and. compositions of th€ pra&a.nt 
inaction,. Other suitable mad iiio^t ions and adaptations at 
tha v ar ia t y o I condit io a s and par t ar» mom lly 
ancctontarad in clinical tharapy ar.d vhioh ara obvious to- 
tbosa skil lod in the art and are within tba apir.it and auopa 
of this invanaion, 

Silastic oaihatars vara rr\piants*d into too riqht 
jagalar vol os of anaathat load n*ala ;F3 44 rats f Batirad 
Braadars, 4S0-5DS aaamoi . tba aa days 1st ar> blood aaapias 
oars withdrawn without dtatuxbinq aba rata, laaal blood 
samples war^ t&.kan and tha animals wara dividad Into tout 
groups, aaob containing lour rata, Each group raoarvad a 
d i S la rant on e o 1 aaob o I th** £ o 1 low 1 no oo;^po and s ? ur i d i no „. 
2 • * 3 * , S • -t r t-tn-ac^tyi aridina , oytidina , or ; 
2 » , J * , 5 * - t r i ~©~*c* t y 1 ay t idioa .> Tha oampoands vara givan in 
aqaimoiar ioaaaaa CO < 21 sa>iao/bal by intubation into tna 
stomach, &t intarvals of 0*5* 1. 1, I, and 4 boats altar 
admi.niatrat.ion , blood tamp las |D * J mil »rt vitMrawn 
p$roce$$«d for aahsa^aant. assay of cytidoao or urtdina 



cootant by HFtC In tha rat< plasma leaaia of uridine wtrt 
k i gn i £ i ca acl y hi gh er { S to 1 0 fo Id } la r a t Xeas t £ou r ho ax * 
following ingestion of tri -G~*cetyl uridine than afc&r 
ingaetioa of an aanMoa&r of uxiQ^e. 

Ifttr an ovar^ght fast v * a basal vencui blood 
saopia vas withdrawn from a banyan subject and then 0,76 
ar^lea/kg 128 mg/kg 2 grants in a TO kg aobject) of 
tri^O^acatyl uridine vaa ingested along with 1-00 ml of 
water. Blood ssmpias 10.5 ml) ware withdrawn at intervals 
of 1, 2 , 3 , tnl 4 hour a attar ingsstiox* of th« cosspouno 
vara procas$€d for ao&aaqoent determination of plara^a ■ 
at i dtna content by HPLC , On a a^paxate day, th« aa^a* 
prooad^ro va$ carried aut> accept that a a aaoal 0:Olar do* a 
1 18 sng/kg — 1,3 cr^:$ in a 7 0 kiloora^ aubyeot) of uridine 

inoascad irataad of the aoyi darivetiw. fha piaao;a 
Xaaal of aridiaa oar ^ufcatantiaily M.gbar following 
logo ar ion of tri-Q-«otyl oridina than after infant ion of 
tha equal molar dose o! uridine- Uridina lavai& wot a 
aaataioad in too useful taarapeatio rang a (greater than IS 
^ioromoXarl for at lea at; four hoar a alter oral 
a a no o i a t rata on o f t r i - 0 - a c e t y 1 o r i 4i no * a f to a 
adrooiarration of oral oxidinau piaama lava la of tha 
aaalaoalda eaoaedad 10 suLcroaicuat at only ana point in ctaa 
I two hoar a) , 

The axaarioasnt described wither. tha.a> axamaia oar 
daaignaa to detaroraa abather providing aaoganour triaoatyl 
aridiaa and criaoatyl eye id ina onoid halo to ran tor a m^o 
fa oat ion in tha oantrioalar myocardium afaar a^perio^^tal 
doprasaion of vantricolar function. 

Experimental myocardial daoaga war induced ^ 
anaathatiaad ibambatal, SO my A y lap,} mala F3 44 rata <230 
trajitl toy constricting tba abdominal aorta to an internal 
drwtor of 0.6? asa, falloaad by in jact ion of a singla doaa 
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of *$oprot*r*snol hydro chloride tS nig /kg s,c> ) , A ndxto« of 
trracatvl cy nidi no and triaoatyl ^ildiM «t0 mg./hg of a|i|;| 
wti <M3s*ir«i«t*rsa ise s *<5iat;*lY af tat , and attain 1 hour &r>d 2 0 
hours after aorta constriction a &&i n I & t r & t ion of. 
ioop:rot€r€^oi. Soma eiitl^ ride|;aid inyactiona of iill^ 
I a at o ad of the ao^uyl^a^a naci*?oaida$ lontr^atadf and: a 
group of &ni&sQ$ also received saline injections but wara 
not ^bj^cto- to aorta constriction or treatment with 
i s op rot € r $ no I { o on t r o X s ? * V a nt r loo 1 a r functio n w $ $ 
datanr^nad 24 ho ar a tor sortie constriction, &nxa;ala wer^ 
anoathatisad waAdi aodian* paatoharbit&X ISO aa?/hg i<p>)y end 
a cathatar waa i^pXantod. in the right ^ofuXar vain for 
administration of nor^pinaphrina > A second catheter 
I Xntremedrc was iaaartad into the la ft vontricla of 

tbe heart via the right carotid artery* Left vem^ricular 
ay at olio prtasur^ fLVSPh? tha ma^iisaai rata of v^ntrfeolar 
contraction and; ralaaatino $adP/dT ana -dP/dTh raapoottvoly } 
and heart rata |HE) wera measured directly via thi s 
cathatar, acing a itatbaai-typa praaaara transducer 
inter farad to a Steal ting Phyaiosariha II poly graph. ¥&iaaa 
of theae paramata^a racordad^ bafora and after i,v> 

administration of S.i il of no.renin^phrina hi tar trot a at 
ooncaotratiooa of It 10 |§ and X f ■ M , Z la o t r oca a a 1 ogc an * 
ware aiao ra cer dad with t hi a apparatus ,• using at a in la ra 
staai naadXe electrodes inserted snbctn anaot^ ly xn tha 
foxeXiaiha* Heart work oatpat was calculated as the protect 
of vantr ionlar ay a to lie pre & aura and ha art rata. 

Aorta constriction in conjunction with 
isoproterenol administration raaultao in substantial 
nontenants in myocardial parf omanec conparad to intact 
c o n a r 0 1 a , ha f t v a a t a i oa 1 ar sy a t o 1 i a pros an r a * * 0 P / d T # 
-dp/dfi and heart work output were ail significantly 
dapraaaad ifahl^ I * Fags* 1-4 h, la tha animals that 
received acatyiatad pyrxmaina nucUuo^idas attar aorta 
constrict inn and adndni scroti on of ieoproteranoi , air of 



If if a. 1-4 K H#a.rt rat« was also aapraaaad 4iiar 
exp«r;^?;t5i myocardial samara ;f ;.g , S) x 

lvsp hi -a*/<» m * mm 

imm$l mml &»a8g/**c3 fc**§g/**e) Mf/ad# 
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ll^brwiatlcnE &r*a the as 1^ fig. 1.) 

Th$ parameters of myocardial per£ors*&ncfc w«r<* 
s^cnitc-T^d in rife s&n.c r&ts tciiQ^i^ adm^ni^tr^t ion of S.l 
mi of I0"* K ssO£$pi*»phrir*fc M tartrate, Thase valtt*s 
rtpr^Kh-i th* m^.x^i perfor^^csi of the ha art , and ar- 

a i spx&y «a ix< fmiM 2 rig** 

Providi^ ^x^9^r,Qu^ r^ci^orides to ths ^yc-c^rc.xx-D 
by a *lnn & i .s t& r i n q asy X & ^ c I so si d # d ■& r i v a t ivt & of t h a 



invention prevents or al.Uviat.es the imp&ir^ar>t$ in 
myocardial oar t'cr^^nct that normally accompany cardiac ■ ; 
hypo r fence ion ana hypertrophy that follows a aoetaxnad 
increase in load upon tha heart « Such an rears are in : 
work load occurs in tha surviving portions of the heart 
foliowinp a s«ri myocardial infarction, Tharafora, 
pyrimd4:ne noclaoeXdaa or acylat ad derivacivaa are useful 
thirapt^tic Mtim k tht treata*a:nt of or prawn t ion of 
heart following ^yo>cardial rnlarct ion.v Thar a ara 

currently no tharapaotic aganta in oontaa.por^ry clinical 
prae coca that opotata fey aopportinf the hiochamcal 
paohaoiam aodariyiao myocardial energy mat aboil am or 
capacity lor adaptation to aostained inoraaaaa in work load > 
Thaea reaclta indicate iMt rach an approach yieida 
a i^ni arcane functional fee no tit a. 

The affect of oral triaca tylcy t icine and 
trraoatyXutidlna on chamicaliy iobnead liver damaga oaa 
eaaaaaad. Chronic treatment of rodent a with carbon 
tetrachloride is a standard modal for Induoinp a 
nap tatop a thy that a van teal Xy la ad a to cirrhoaia* 

20 mala 4 ra ta C2CH) gl race load in feet ion a o f 
carhon ta trochlea. Me to, 2 ml/kg or $01 CtX^ in corn oil] 
twice par weak for a. weaka* After the fir at £ weak a of 
traatmant with carbon tetrachloride ? half of the animal a 
war a rah 1 acted to oral administration fcacapal of a mixtora 
of triaoatyiaridrna mm and triaoaty Icy t idrne imc.i 
|1| a-g/hg of each in 1 ml o f watary twica par day I f or tha 
regaining 6 week a > tha othar half of the animal a $ control .ai 
received aqoivaiant volu^aa of water by gavafo. At the and 
off® waeka of carbon tatraohlorida treatment, the |o notional 
capacity of tha livers waa aaaaaaed by their capacity to 
r a mov a br cm $ a i p h t h a lad a f B $P ) f rc^ th a c i r to 1 «fc i o n ia ■ 
ataodard tare of liver fo:nctiona > The rata ware 
ananUndatniaad that amine SO nig /kg and avian ana 13 mo /ken and 
their caret i a an tar las ware ca the tar is ad tar SSF 



administration and blood aai&piing, SSF MO ng/kg in <k $ 
||iiii;t ^as administered m. a bains. Bl^od ii;ip]tr .^D 
were taken periodically,. and f laiM SSF concentrations were 
#>t^ rained by adding 2 0 microliters of oleoma to 1 ml 0,1 m 
ip&GH and recording SJV abaorbaace at S?§ am. 

As is; shown in Fig, 11, animals that rraived TAC 
and Tkl- during treatment with carbon tetrachloride dad a 
si on if inanely natter capacity to remove SiP from thair 
circulation than did the control a.nimela., indicating that 
f AC and TAu provide significant protection of the livsr 
against damage iron; carbon tetrachloride * 

To 1 cram of undine dirsoU*ad in IS mi anhydrous 
pyridine (previously drlad over potaaaiua hydronidsl is 
ad dad at room *«s^«ratur* 3.1 molar oqniva fonts of too acid 
anhydride of the da s .meed aoy I compound C#*9*-# acetic 
anhydride, lactate anhydride, ba tyrio anhydride, # to ♦) * Th$ 
reaction mixture xo than heated to «0~8$*C for 2 hours, 
cooled, poorod into ice water, and the ester a recovered by 
attraction three times with equal volumes of chloroform. 
The chloroform is than waded with ice-cold 0,01 K sulfuric 
acid, 11 agaaona aodanm bicarbonate, and finally water. 
After drying with eodium sulfate, the chloroform la 
avaporatee and the residual oil or crystals era subjected to 
ohromatootsphy ? adapted fr« ^iahimawa at al* , |j^£henu 

To 1 gram of uridine in 20 ml anhydrous pyridine 
is added, at §*C, 3>1 molar equivalents of the acid chloride 
of the deal red acyi compound fe*g^ painutcyi chloride, 
acetyl oh lo ride, atoll i f:ba miatero is held at room 
tamporat are oaaani oh t, added to ice water, and work ad op as 
indicated above f adapted from hisbitawa at ai. , B^oo^nn 
I^SI££L, Ji«I«4 U96SH. ^ 
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To 1 f^arn. of uridine da solved in 20 ml a^Oydrou* 
pyridine .1$ MiMrtt room temperature,. 1*0 mole.x equina l^nt 
,ef the moid anhydride §1 tte dttlril ^1 compound. The 
reaction is then heated to 8 0*$§*C lor two hours, eoeded, 
poured into ic^ ^atar^ and. the aatera recovered by 
extr&cricm *h*«* timer with equal volume of oh lore form v 
The chloroform is then w&aheid ire cold 0.0! p sulfuric acid, 
II a^oecua sodio^ oicarbonat^, and finally wattr, Aftar 
drying with sod. rum sulfate, the chloroform la evaporated and 
the re^dusi oil or crystals &ra sedjeetad to ohtom^ 
tofraphya the major product * which la isolated hy chroma 
hoftaphy, is the r-f^^titstfa tils | adapted from 
Biahirawa €t. ai., B t oehym .<. ^hery col , 1 « OS, U S€ 5 1 1 * 

JU tarn^tively^ active |- -&cyietic.n of uridine 
M| k accomplished fey &uapaoding 1 gram of uridine in 30 ml 
of Is I pyridines -dims* thy If cr^a.mide cooled tn 0*C in an 
ic* b&th« 1,9 molar equivalent of too ac id chloride of an*? 
ensured acyl co^sund is added dropviae to the mixture, 
which is stirred at 0*C for 12-14 hours, 3 mi of water it 
addod. end then the solvents arc evaporated in vacuo at 
5t-*C* The residue ia disaolved in methanol and adsorbed 
onto approaimataly 1 grams of silica gel, and the excess 
solvent is avapbrsted of f , folaena is avaporstad threa 
t imes from the solid maaa , and the whole is loaded onto a 3- 
a IS cm a lurry -packed column of ail tea gel In oh lore form, 
and elu tad with a lenear gradient of ohloaofor^. f 200 mil to 
20 i 30 methanol t chloroform !2 00 ml.) * The appropriate 
fractions, as determined by TLC r era coeddred* end the 
solvents are evaporated to yield the da aired product that to 
either reeryat alii red or dried in vacuo to a close I adapted 
from Baker ec al , , a » JEsgdr. ...Cham^ H;1210 !1P?PH , 

To a stirred snepeneion of 1 from of or loir a in 2C> 
ml dry M, ^^^iimathylformamide la eddad 2.4 molar seuivaisr.ts 
of imdarole followed by 1,1 molar equivalent a of 
t -feu t y id ime thy 1 chl o r oa i lano , Tha mixture is stirred oivh 



protection froo moisture at toc-m tempera tut a for 2C hours, 
ati which time the solvent is res^oved at §Q*C in v&ceo> The 
re mi doe is &i$$olv«<2 in IS mi of et&yl acetate* the solution 
ia washed with 10 ml of water, ana the extract is dried with 
^^neeium euifate «M evaporates to five a eyrup, 
Crvatai i x nation from 10 mi of hot chloroform, to which la 
abeeb he rare to the point of opalescence, followed by slow 
cooling to room temperature, gives 5' - l^-b^tyldi^thyi^ilyi) 
uridine* 

To a stirred euapenaioo of 1 frem of 
u * - I t -mot yie iase thy i $ i ly 1 ) or id ine in 1 S mi e f d r y pyrid ice 
cooled to 0*C, ie added 1M melee equivalents of the 
appropriate a old anhydride of the be aired aeyl compound, and 
the man tore la stirred with p rotoetioc from moisture for 20 
hours at 0~5*C, at which time the reaction is terminated op 
addition of a few ml of Meter. The eoiv&r;t is> evaporated 1 
and toe raaidoe la dieaolved in IS ml of chloroform^ washed 
wxth 1 e if ml of saturated ^odiom hydrogen oarhooata, end 
them mod water ^ dried Imagoe slum sol fate) and evaporated to 
five a thiok, clear &yrup, which ia then dried io vacuo at 

To a etirred aeluiion of the above ecyiateb 
product io 3 0 mi of dry tetrahydrof mran la added .2 ml 
glacial are tie amid* toll-owed by ^r&ms of 

tetrehutylemmomro^ f loom roe * and the react ion ie monitored 
by fLC i 9 <. 1 oh lore form methaooll « bpoo complete removal of 
the t-feotyid imethy lolly 1 group f rom the S * hyotoxyl groom os 
the acy rated or 1 dome darrvativut* the fluoride ia removed 
from the mimtwre by f titration through a layer of 3 0 grea>s 
of silica eel, and the product a are el e ted with 
tetrahydroforan. The crude produet, obtained upon 
evaporation of the solvent la reeryl tail ram d from: acetone, 
yielding the deal red 2*3-~diacyl or 1 dine derivative i ah acted 
from Baker et el., d, Med. Chem, iiSTf 1 K 

A^litMl of the s^eond&rv &mi«*s in tk 3 
position of t:fc« pyrimidine rinf i& accompli &h*sd by 



SSJ* ^S'-tri-O-acyl urrdin* with 1,1 bjoUx a^uivalent* 
the acid chXor^d^ of tfet da aired acyX aubera,taanr cn in 
aprotie solvent. Uvach as ite, droxane, chloroform, ethyl 
acetate, &c$fco**itril$, pyridine* a»e t h yl toxmanld* and; tte 
like! in the presence o£ 1-5 molar eqoivaieata of an organic 
base | especially aromatic amines $t*c& as pyridine, 
t:r.i^lk;y;uau-n^3 , or & t #~&i&lk$Unilim&l adapted froa Fojrr 
*t aX v , U.S. SHvt£nt ho. 4*425,335? . The acyl sobsticue^t on 
th« eecoadary «iM can da the aae*a or different from a hoe a 
on the hydroxy! groups of the rifce** moiety, 

0.ne §ram of cyt^dine hydroohlorid^ ie dissolved in 
ID ml ox & , Jf*dim# thy 1 £©«m»^4« * ^oXat sgtiivaisass of 

the acid chloride is Mood and the adacare is stirred 
overnieht at rc« te^^r^ta^. The reaction mixture in 
concentrated in vacuo to an oil, and triturated with 1*1 
et^yX acetates diethyl eater f fhe oiX la then tri to rated 
with if? sodium hydrogen carbonate. The eryeteUina aoXid is 
collected, weeded vith watery dried, and rccryatalli^ad 
I adapted fr« drab at a.L, ami > « 

Ma^^i- 

One gca^ of cytidine hydrochloride re diaaaieed in 
XO ml of 1^ ^ P^cimor hy X forehead ae * X >• I aa>Xaa equivalents of 
the acid ohlcride of the deeieed acyl eefeatiaaant is added, 
and the mixture ra atirrad ovarnieht at toco ta^per^tara. 
The reaction ad x tare ie concentrated in mc^o to an oil, ana 
triturafad with itl ethyl ana tat a 5 diethyl ethers The ail 
;U then tr iterated with lis aodin^ hydrnfan oar donate, The 
cry oral line solid is collected, washed with water, dried, 
and reoryataliirad ! adapted from aiah at aX*, i^_Med ^ Jlhan^ 
MrXISt tlglXH. 
|£a^ 

The -amino froap of cytadine is the eeat 
nacieophiXe a^anf one and no and hydroxy X f cnotioneXatre^ of 
cytMine* Selective M^acyiation can ha accomplished by 
creatine cytidine with appropriate acid anhydrides in 
pyridioe on a miatnre of pyridine and ^K-diaseshyXfoma^ide, 



Spec if i 1 ly , 1 f rii 0! ^¥t,MlM il luipBia d in 10 ml o f 
dry pyridine 1 I. S molar ecysiA'alsnts of aiiif ifi icid 
anhydride is added, and. the Mxtsii is r&fiuxsd for 2 hnurs , 
fhe solvent ii in vaeoo, and tbi r*stiXtii*g white 

&olid is reorystalXisad from ethane I. 

Aioernativeiyn nymidine 11 gram? is tiifolvtfi k g ; 
mtstare comprising 70 s 30 pyr id ioa ; N s l^-dima thy 1 f orma.mide . 
1,1 molar *quiv*l*xkta of th« acid anhydride of the dasrr^d 
acyl rafe»ti*u*r<t is addad, and aha minora is stirred 
ever night at room t#mn#ratnre, alter viuca it is po^r^d into 
V4t ii ana ear ere a* Th a so I vend la res^ovao i n vaeao an reave 
a eh i te aolid^ a4*lch is an tree tad wit a are thy ^thts\ To® 
resiaee is raory^tailiaad from etaanol Cadaptad from Sasaki 

An sitarnativa prooodera is >t$ diseoiva eytidine 
in a misters °- e\atar and a ^tar-miaeifele organic aeivaet 
Urach as dioxans , sea tana f aca ton.it rl la , 

$i ? ll-di^atbyl£or^a^idas dima thy 1 self o&ida tatra.hydrof urar>, 
ate, J and to traaa that solution tfith a&ont a twofold axesss 
o f an appropriate an id anhy dr ide * Foe easmple* 1 gr am of 
oy tidies dissolved in S ml of vat an is mimed with IS to ISO 
mi dieaaae tmore diexana is neadM for mora .lipophilic 
a nostra ss at s } , a n d 1 molar equivalents of the arid anhydride 
of tha desrrad acyl sedatitsaat in added. The mietora is 
stirred for S oners at f 0*€ Cor 41 hoars at room 
temparatoeah^ and then the solvent is removed in vaaao, fha 
residue is cashed with heaane or benrena * and r aery seal Is sec 
from athanol or ethyl acatata (adapt ad from: Atiyama at si., 
SlBBr^^ II * §81 1 1 § 7 S 1 , 

Compounds in which tha aeyi sabstituant of the 
amino groop and the hydroxy 1 g romps of the rieosa rins of 
ay t id fee are the asms 10,9, ? tetrasaatyl ay tMlme! era 
prepared by dissolving or sinspandinc cy tidiea in dry 
pyridine, adding at least 4 molar eqnivs lanes of tha said 
ahioride or aeid an^ydrioo of the da^irad substitu«i*t * snd 
stars xng tha mix torn overnight at room semper a turn. Tha 



solvent is r«o^ed ig v^c^o en4 the t^Moe is wa$h#«l &&<S 
r&£ry$t allied* 

iii§og; |||| Ii||f this invention, || lill 

be appreciated: &y thos« skills the art that, the; $&.^e can 
be prlomel within a wioo ftMt ^1 &quiv&i&r*t p«r^«t«rs of 
composition, CD.nditio:n^, mod&s of oration ^itho^t 

departing .trots tha spirit or aoop* ot the iiwant&cm or a.oy 
embodiment thereof * " 



> 4i ^ 

1> An acyl dariv&tive of ^rMi^a having the 
formula fill 

^ l h/ 
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wherein f Tt, , and ^ the eama or different arc each is 

hydrogen or an acyl radical of 

ia} unbrsmchsd fatty aCsUi with S to 22 c&rhon 

&tO«> 

Cbj niM t^il fiiftlM from tho groop eoesistxoc 

of 9 iyc ins* , L~£or*&$ of el an lee, ¥ili^t, leucine, 
iso leooina, tyro«in« # pro! ine f hydros yore 1 i no , 
eeoiea, ttn^ooina, cyrtin&\< eyateioe, aepartic 
acid, ^lot^iic acid, arginine.* lyeiee, his tidier, 
carnitine v end ornithine 
fc J a dfearho^ylie acid of 3 to .22 eachoo ateoee or 
l d| e oarbo.xylie acid selec tad dress eoe or »re of the 
group coexisting of gly colic acid, pyruvic acid, 
lactic acid, eoolpyrovic acid., 11 pole acid, 
pantothenic acid* ac&toacetic acid., p-amioodeneeic 
acid, batahy4ro>?ydctyric acid, orotic acid, and 
or aa tine* 

provided that at ieact one of said eehetitoeote * and 
h.^ ia net hydrogen, and further provided that if any of said 
eohatiteeete e, , and U hyerofoo and if said 

remaining aotaticoeata are acyl radicals of a atraifht cha^o 
fatty aoxd, then aatd a t relet t chain fatty acid ha a £ to 22 
carton atoias, or a ph^r^aceutic^Xly tcc tpt^olo salt thereof * 



2* An acy I derivative of uridine .having tha 

iO>rSW : .i# flij 1 ■ ::;ity 1111111:11^ 




III 

therein l| , and » T are th* s«ft* or different and aaeh ia 
hYbrooao or an acyl radical of a metisbolita> &nd 1^ is a a 
aoyi radical of a ^etabolit^, or & phar^a ecu tioaily 
accept afe la aa. It th*r«o*„ 

3. An aoyl dativativo of oridina as aacited in 
olaio 1 ^Mrtiiv said mat aboil is ar> aoyl r&dieai of a 
oarboxyXie ^oii afloat ad from on« or ;rora of tha croup 
oonai^tinf of a fatty acid of 2 to 22 oardoo ato^a, §lycolie 
aoid, pyruvic acid, l&oris acid, snoipyruvic acid, an amino 
acid, iipoic acld< parvtothonxc acid, succinic &cid* fumario 
acid, adipic acid* acoroacotic acid, p-a^>i.no&aa^oic acid, 
batuahydrox:y butyric acid, orotic acid, and or a a tin a, or a 
pha r*>ac*u t i c * X Xy &ceapt&bXo salt tharaoi* 

4x !te acyi dec i vat iw of c fairs 3 who rain said 
amino acid is a a loot ad from oh a group oooaiatioa of glyoina, 
too ic forms of ai&nins, valine, iaooina, iaoloocina, 
proline, phanylalanina, tyre si no , cysteine, ay a tine , 
Motbioaaoa : , tryptopaa n , aaoartio acid, giutamic aoid, 
arc inlaa., iysio^ hiaridiaa, ororthana, carnitine and 
hydro^yiy rioox 

5. A composition comprising tha acyi derivative 
of clai.mr X or 2 aod a pharmaceuticaiiy acceptable o a trior > 

I. A unit dose of tha composition of clai^ S 
compriainf an amooot of said acyl darioatioa bsrn§ tha 
equivalent of 1 0-3000 ma of oridrna. 



7, & composition comprising a mixture it Xaaat 
o~a acyl derivatives of claims X or 2, at Xaast on* ^cy] 
d^rivaxiva of cvtidina atlactad iron* tha group ccnsiitir<§ of 
2 ' , 3 5 > 5 ? ~tr i-O-ac^tyl eyridina, a* * 3* , § :: ~*ri~Q-pzapio&yX, 

o# I * f| | , 5 * -tri^©-femy^l oy tMfoa and a 
|Mfii€t^tivtl:i| accapoabla carrier, 

A unit do$a of tha composition of olarr* T 
compxiaing «unti of aaid acyX darrvatrv^a bainn th* 
a q u iva 1 a n t o I 1 0~ 38 0 0 mf of ori nana a n b 1 & - 3 0 0 0 m 9 of 
oy or din a , 

f i Th« coapoaitioa of claim 5 or 1 in tha form of 
1 liquid, & an span r ion, a t&bX<at> a bragaa.* an Xni^ctabio 
& o X u t i o n ? o r a so p|>o a i t o r y * 

IS. & marthcd of d^liv^rino ^.xo<|^nouis uridine to 
tfea tiasoe of an animal, comprising tha st~p ot 
odministorino to said animal an affactava amount of an any I 
darivativa of uridine aa recited in oXaim X ox a* 

11 x A mathod of delivarinf «ofanooa oxidina t*o 
the tiaaua of an animal., compxxsino tha atap of 
ad^inix$ taring to said a*nimal an ^flfctiv^ teount of » ^cyl 
da r i v« t i va of oridina naving the forma Xa f I ) 




IX X! 

whaxaio n^, , E^ , and £u ara aha aama or diffarant and 
each xa hydrognn or an aoyl radical of a m^taboliia * 
nrovMab that at iaant ana of aaid R aohrt bananas ia not 
hydrog an , or a p h a rma o a o tin a X X y a 00 a 0 1 ah 1 a a a 1 1 tha ran f , 

X2> A mat hod aa tacit ad in claim XX vherain aaib 
matabolita ia a carboaylio acxd aalaciao from ona or mora of 



i MM '& 

: ■ :vXv';S|>: 



|$f§ 

the group consisting of 9 iy colic pycmeie acid , lactic 

#nolpyru¥ie a eld, an amino acid, &• fatty acid of i to 

§i liiiii atoms, ll|pil liill iiiiy succinic 

acid, fuma-ric 11§|1 ac$toac$tic acid, 

^«^©J»j||||| illll acid, |||1§ 

111 i method oytldioa to 

lii; of an comprising |i| |||§ of 

adc>ini$terina to 1111 || |||fil| of an 

datlvativa of cy tiding having the fce&mla IIO) 




V -S< ~V <<- 



whereto lc * l,, , and are the sMt or different 

J % 

illlii II llllllll i| II llll lllllll II 1 »talsollte 

that at least one of Mil E la not hydrooeo, or 

e pharmaoautical ly acceptably salt thereof* 

lllllllllllll aaid 
Meta^olita is a c& rbo&yXic aoid «leoted from one or ^ora -of 
the ft 00 p con ai at lag of glyooiic 00 id, pyruvic acid, lac tie 
acid, eaolpy rev ic acid, ao aouno "acid, a fatty acid of 2 to 
£2 oeeeoo l|i§t|| lipoie acid* panto thaoio acid, suootc^c 
acid, fum&rie acid, adipie acid, ac^toacotic acid, 
p - a^unobon |1 i c acid , be | a || 4r o^yfco tyr 1 c ill d O cot I o |||| 
and creatine ,. 

HI & llllll 11 
pat^olof deal coodltiooi of the timiat of &n anljo&l fey 
eoppoctiao Metabolic functions thereof, eo^prisicf 



increase iT>§ tha feioava.il ability of irillif to $^.1^ tusu^ fe| 
adminiatariao to said anisnai an of facttva amount of an aeyi 
derivasiv* of uridine as recited in cdaio 1 or 2« 

IS » A method of fcr&ati**$ physiological or 
pa thoiogioai conditions of tha ti asoa of &n animal by 
^oppot ti.no «taoolac functions td^or^ofi oo^pr isi.no 
increasing aha bioavailability of oridino to aaid ti«oe by 
md^int^ taring to aaid animal a.n affactiva amount of an acyi 
dsrivativ* of or 1 dine having the formula III 




1 1 1 1 1 1 ! 1 1 1 1 fi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 f 1 f | 1 1 1 1 1 f ; y\:, MM9^.'. 

aha rain R, , R, , , and R ara the aama or dif ferent and 
each ia hydrogen or an acyl radical ot a metabolita, 
provided that at laaat oaa of aoib B subrtituoata ia not 
h vdrog o a , or 4 ph a rman a u t i a a 1 1 v a eeapt ah 1 e 1 1 t h a ooo £ « 

| t . A a*orhob aa racrted in oiaim If ^harair. said 
^atanolita ie a car boxy lie aeid selected from on a or mo to of 
aha groop oooaaatiop of acetic aoid, glycol a a aoid, pyruvic 
acid, lactic &tid, ooolpyrooio acid, an omno acid., a fatty 
a old of 2: to 22 earboa atoma, lipoic acid, pantotoaoio a aid, 
aooainio acid, fumaric aeid, ad 1 par acid, acatoacatic acid, 
p ~ aau n ofee a ao i c a a id * fee t a h y d to ay bo tax :ic a c id,- or or 1 o an id , 
and creatine* 

Mh A method of treating physiological or 
patboiooioai conditions of the tissue of an animal fey 
supporting sastaboiie functions thersot, comprising 
i nor baaing the bioavailability of oy rib tea to aaid tin an a oy 
^c^ioxatoting to aaid animal an oflactive amount of an aoyi 
oar^vattv$<r ot eytxoiaa navine ana rormUsia 



1 ~ 




lllllllllllll^^ 

& 1 * R 7 s ^ and are v toe aarsa or di fie rant $nc 
*ach i& hydrogen or ar &eyi filliil of a la&tafeolit;** 
provided tkt *t l&«st ona of itii B *ubstltu*at:* is not 
hydr&^«ru or a pharmacaoticaXly acceptable salt thereof v 

If , A method as li^ittl in claim IS ^haroin said 
»*t*fcolite is a carbon ylic *ei£ iikftM from or mora of 
^ tit group consisting of glyceric acid, -pyruvic acid, lactic 
acid, enolpyruvic acid, a i^ii, a fatty acid of 2 to 

2 2 carbon atoa^, Xipoic aoic> p&ntocb^nio acid, succinic 
acid* fomaric acid, adipic acM^ &o&toac&tic aoid? 
p~a$cino.feansoic aeid^ betabydr oxybutyria acid, orotic ana c, 
and oraat ino , 

20> A composition comprising a mixture of at 
react one aeyi deriva-iva of uridine aa recitae in claim a I * 
f, cr IS, st laaat ona acyl derivative of cytrcino an 
recited in claim 20 and a pbarmaoont ically acceptable 
carrier » 

II* A method for traaclno cardiac iaaof f iciaroy * 
myocardial infarction * h^p&topathy * diabetes , 
cerebrovascular disorders* rv^rki.naon* a dise&se, or to 
a nhance acacia pariormanca, or to improve itunaae raapenaaa, 
eomprlaiof administer inn to an animal an affect rca a.:nccnf of 
a co^^ooni t ion corner i sine an acyl derivative of uridine 
nev rev- tbe formcia ill ■ 




II! 

*?&er$£n 1^ * ?hs , and are the iim or di ff&r&tst and each 
is hydrogen or &n acyl radical of a metabolite provided 
that at lea^t ®i or gaid ! &ubstitu&nt$ is r>or hydrooan, or 
a phatmacaotiealiy acraptabla salt thereof* 

22 * A method, for trt^tino cardiac insufficiency., 
myoc ard 1 a 1 1 n fa rc t i on f hepatopa t hy , d 1 aba ta e f 
cerebrovascular diaordere^ Firkins on' s diaeaae, and infant 
r=t ir^torf ^ t a traa a i|Mrc?it f or to enhance muscle 
performance, or to tmprova i^anuna rsspcnsss comprising 
administering to an nnimai ao e£ ia etiva amount of a 
composition oo^prisino an aoyl d^riv&tivss of cytidina, 
having tha formula I III I 




wherein 1% > H A ? ami are the aame or different and 

each i a an aoyl radical of a meteholi te ■* provided that at 
least one of aaM F, s^atiiuents is not hydrooan, or a 
pha rmaoa\i t ioa l iy .acceptable an 1 1 thereof > 



- 5 3 * 

S3, A method for treating cardiac insufficiency 
myocardial infarction* hanatnpathy , diabetes * 
c^r^brova scalar die order a* P&rki&»ors*$ disease * or to 
anhanre muscle performance, or to improve iaasare reaporsaa, 
comprising coadxsinie taring an effective aisosmt of at lea at 
on a aoyl d**iv*fciv* of uridine as recited in claim 2.1 and at 
Xeart ore eayi derivative of eyt.id.ine ae reel tad in 

24, The method of claim 23, wherein eaid 
coadministered aavi derivativee eo^priae at ie&rt one 
derivative ael acted from the group cone i a ting of 
2 5 > S'-triK>-acctyl cytidine, I\,3^,5 >x -tri-0-i^ropionyl 
cytidine, and 2 3* * 5 *~ tri~0Hbts*yryl oytidine, and at least 
one derivative saiectad from the group caneiatina of 
a M % S , r i-O-ac^tyl uridine, 2 % 3* , 1 *~ari~0~prcpionyi 
uridine, and 2 4 , 3* , $ * -tri-O-boryryl uridine, 

25* the .method of claim 24* wherein the doee o£ 
each of eaid uridine derivative e La |5-4$uS mg and the done 
of each of said cytidine derivatives is §§| 

111 i method- &s recited in claim i;S wherein raid 
OKogenooa uridine ie delivered from the faatrointcatinei 
tr;act into the circulation* 

22, A method as recited in olaim 13 therein raid 
exogenous oytidioe is delivered fro^a the gaetrcintaarinal 

IS v & method aa racitad in claim Id wherein an 
ef f active emoont of t * ,< 3 * * . $ ■ -t,r i-O-ace ty I a.r i di na , 
2%3h I >' ~tri -0-pr»p ionyi uridine , or I s , 3 * , 5 * -tri-Ch-hctyry 2 
uridine ^ or pbarmacaatical acceptable salts «h«rsc£ is : 
adnuaistcrco to said &nisaai. 

2f> % m®mm as racitai in claim 2? w;haral^ |*sf ■ 
cf f active amocat of 2* , 3 s f S s -«ri-0-«c«tyI cytiaina, 
I * a* * 5 * -tri-0-prepia.ft.yl aatisiaa t or *-*ri-0-b»*yryi 
• aytio\iaa ? or pharmaoactiaaiiy acc^ptabia saits aharacf is 
admiaiatarai to aaia m&p&l* 

30, A composition far dclivariaa aa^faaoac 



amount of an aey 1 &«#iv&tiv$ of orMina recited in 
claim 11 ana a pharmaceutical ly aneeptabl^ caruer. 

31* & composition for <3*liv«ri«8 exo§t^o^s 
eytldina to tM tiaaoe M M»I ^pfisi?5f an *££«c*lv* 
«^;t if an any I derivative of cytidine a a raeite^ in 
claim 13 and a pharmaceutic lly aoeapaabl^ carrier* 

32. a composition for tar*afci*H| phvsioloflo^l or 
pathological conditions of the tiaaae of an animal fey 
supporting motabolio functions thereof comprising an 
effactive amount of an aeyl darivative of uridine as recited 
in olaias 16 and a pfeanBao^otioally acceptable carrier. 

33 x 1 composition for txaating pbyaio logical or 
pathological oonditiona of to a tiasrsa of an animal by 
supporting metabolic functions thereof comprising an 
affective amount of an aoyl derivative of oytidina ae 
recited in claim II and a pharmacaatlcally acceptable 
carrier* 

34 * A compoaition for area ting pfeyaiolof leal or 
pathological conditions of tba tissue of an animal by 
supporting metabolic functions thereof comprising an 
affective amount of at laaat one aoyl da ri vat lea aa recited 
in claim IS ana at laaat one acyl derivative of cytidino as 
reoiteo in claim It, and a pnacmacautically acceptable 
carrier* ; r ; ; 

35. A composition as recited in claim M therein 
said aoyl derivative of uridine is I S 3 % S , -tr i-O-ac^ty 1 

r id i n a >• 2 * * 3 • * S * ~tr i ~ p r op i any 1 uridine , or 
2 ' , 3 * , S ' - 1 r i -g a tyry I or id ioa. 

If. A composition aa recited in claim. 31 vherein 
raid aoyl derivative of cytidine ia 2 % 3 % S „ -tr 1-0-acttyl 
cy ti di na , 2 * , 3* ,$ 5 - t r i -0-prop iony i cytidina * or 
2 * , 3* 3 * - tr 1 -O-teu tyry 1 cy t idr ne > 

37. A composition aa recited in claim 32 ^detain 
aaid aoyl derivative of uridine la 2 SJSS f -tri-o-acetyi 
uridine , 2 % 3 1 , 5 * ~ 1 r i~Op toplonyl uridine * or 
2 * ? 3 " ? S ^ t ra ^O ^bn ty ry 1 oca si r na * 



I ss I 

said acyl ill|iai|ll H §| | s | 3 ! | 3 , -tri~Q~ac»ty 1 

cytisji;iii || in iiiiiiiiiiipiiiiiiii iiiiiiiii::! ill 
lllllllll llllllllllllll lllllllllilllililiil^ 
llllllllllllllllii 

1111 llllllllll 11 lllllll II llill||§ HI! Ill group 

consist- if§ of || uridine, Ilill||lllllll|lll|l|ll|lll 

nzAMn&t ill said acyl ||||||i|;|§ of |||:|||||| || selected 
from the group of li/.3 % S,-tri-0-aootyl oyoidisa, 

2 % 3 ' f $ * ~ts;i~0~propior:yi cy tidine > |ii i|;:;:;y 




tittol Untreated TAU4-TA.C 

Jllllil^ 
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